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POSITIVE CONTROL OF mareRIALS IN MOTION 
NEW IN-STREAM TRANSMITTER ELIMINATES 
NEED FOR COSTLY STILLING WELLS! 

CHRONOFLO® 


IN-STREAM TRANSMITTER 


Model CTF-S 
Offers Faster Response, 
Many Advantages! 


GROOVED 
NYLON ROLLER 


_ STAINLESS 
stud 


CAST IRON 
HOUSING 


STAINLESS 
FLOAT ROD 


Minimizes costs ... eliminates stilling well con- 
struction and maintenance . .. no need for flush- 
ing systems, float well cover, connecting piping, 
sediment tanks, blow-down valves and frequent 
cleaning. 

Unique principle used...responds faster to 
enooven flow changes as float actually rides in stream 
NYLON ROLLER flow ...eliminates connecting pipe lag. 

For sewage and industrial waste metering appli- 
cations involving fluids containing §settleable 
stuD solids which tend to clog stilling wells. For 

metering flows in open channels. 

Offers all inherent advantages of Builders 

Chronoflo ... permits transmission over a two 
pOLvervannes wire circuit, unlimited distances, at commercial 
FLOAT power frequencies. 


REQUEST Bulletin 230.20A-3. Write B-I-F 
Industries, Inc., Utilities Sales, 368 Harris 
Avenue, Providence 1, Rhode Island. 


B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE - PROPORTIONEERS + OMEGA 
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SEWAGE AND INDUSTRIAL WASTES 


THE PROBLEM: 


To obtain maximum aeration effectiveness, the delivery rate of 
air diffused into aeration tank liquor by individual air diffuser 
units must remain as nearly constant as possible over varying 
ranges of temperatures and pressures. Blowers must be compact, 
efficient, vibrationless, noiseless and capable of operation at high 
rates of speed. 


THE ANSWER: 


“CHICAGO” STANDARDAIRE BLOWERS 


1. Positive displacement type of patented axial flow construction 
provides shock, pulsation-free operation. 

2. STANDARDAIRE Blowers operate at high speed and can be 
advantageously direct-connected to an electric motor. Large 
size STANDARDAIRE Blowers operate at 1160 rpm; me- 
dium size at 1750 rpm; small size at 3500 rpm. 
STANDARDAIRE Blowers provide constant discharge regard- 
less of existing temperatures and pressures. 

STANDARDAIRE Blowers are more compact . . . require smaller 
frame size motors... less floor space... smaller foundations 
simplified piping ... and cost less to install. 


A typical STANDARDAIRE Blower installation ot Benton Horbor, Michigan 


MORE THAN 500 INSTALLATIONS 


Write direct... or contact Chicago Pump Company Distributors in 


most principal cities for complete engineering data. 


Putting Ideas to 
Wie FOOD MACHINERY AND CHEMICAL CORPORATION 
Chicago Pump Company 
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Hamilton’s 
new Treatment Plant— 
another major step 

in Ohio River Clean-up 
Program 


Aerial view shows four P.F.T. Floating Cover 
Digesters 


Hamilton’s new sewage treatment plant is 
the culmination of a ten year sewerage 
improvement program. Serving Hamilton 
directly, this fine new plant helps to re- 
store the Great Miami River just before 
discharging into the Ohio. Twenty-five 
miles from Cincinnati, Hamilton is a grow- 
ing city which is proud to shoulder its 
share of the responsibility in the Ohio 
River Valley Clean-up Program. 


Efficient and economical digester heating is 
provided by these P.F.T. heaters. 


P.F.T. equipment playing a vital role 
in this plant includes: four 80’ Floating 
Covers, two #1000 Heater and Heat 
Exchanger Units, Supernatant Draw-off 
Equipment, Floating Cover Position Indi- 
Exclusively since 1893 cators with High and Low Level Alarms, 
PACIFIC FLUSH TANK CO. miscellaneous Gas Safety Equipment. 

The engineering firm of Consoer, Town- 
4241 Ravenswood Avenve, send and Associates, Chicago, designed 
Chicago 13, Illinois this modern plant. 


Waste Treatment Equipment 


PORT CHESTER N. ¥. @ SAN MATEO, CALIF. e CHARLOTTE, N. C e JACKSONVILLE e DENVETF. 
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MINIMUM INFILTRATION! eee” ROOT-TIGHT SEAL! 


FAST INSTALLATION! 


When you install Vitrified Clay Pipe with Wedge- 
Lock Factory-Made Joints, you leave nothing to 
chance. Wedge-Lock pre-cast Joints are bonded to 
BEERS cesses bell and spigot . . . snap together instantly . . . seal 

SEALED! | the entire circumference of the pipe to reduce infiltra- 
tion and resist roots. Always specify Wedge-Lock, your 
Full Circle of Protection against infiltration ... root 
problems... job delays . . . ultimate high cost result- 
ing from costly repairs or maintenance. 


Write to listed manufacturers for literature or an actual Wedge-Lock demonstration 


Wedge-Lock ciay pipe 


THE FACTORY-JOINTED CLAY PIPE AVAILABLE NATIONALLY FROM LOCAL MANUFACTURERS 


Order Wedge-Lock from any of these Vitrified Clay Pipe Manufacturers: 


Cannelton Sewer Pipe Company Larson Clay Pipe Company Detroit, Mich. 
Cannelton, Ind. 
The Clay City Pipe Company ; The Logan Clay Products Company , 
Uhrichsville, Ohio Logan, Ohio 
The Evans Pipe Company Uhrichsville, Ohio The Robinson Clay Product Company 
Akron, Ohio 
Graff-Kittanning Clay Products The Stillwater Clay Products Company 
Worthington, Pa. Cleveland, Ohio 


Superior Clay Corporation, Uhrichsville, Ohio 


WLC-189-165-8 
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For Columbus’ new expansion to 120 mgd.... 


Plant Manager, James H. Blodgett, and Uhimann 
Associates, consulting engineers, faced tough 
problems in doubling the capacity of a pre- 
viously expanded activated-sludge plant. 


To get top plant performance, the complex 
instrumentation—both old and new—would 
have to be pulled together. Twenty year 
old meters would have to be modified, re- 
built, or replaced to work alongside today’s 
improved models, telemetering total influ- 
ent for the entire expanded plant to one 
central control point. 


Here’s why Simplex was selected to solve 
these problems. Simplex redesigned and 
will rebuild the old venturi tube receivers 
to perform dependably and accurately 
alongside the newest venturi tubes and 


meters—specially engineered by Simplex to 
Columbus’ exact requirements. From this 
integrated system of old and new units 
spread over a big plant area, Simplex 
Orthoflow® will electrically transmit vital 
influent data to one central control point 
—instantly, accurately. 


Your Plant. We'll gladly help you in expand- 
ing your old plant or planning a new one. 
Write today outlining your problem. 
Simplex Valve & Meter Company, Dept. 
S1I-109, 7 East Orange Street, Lan- 
caster, Pa. 


SIMPLEX 


VALVE AND METER COMPANY 
A subsidiary of PFAUDLER PERMUTIT INC. 
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MEMBER ASSOCIATION MEETINGS 


Association 


New England Sewage end Industrial Wastes 
Assn. 


W. Va. Sewage and Industrial Wastes Assn. 


Pacific Northwest Sewage and Industrial 
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Time 
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. 5-6, 1959 


6, 1959 


7. 9-11, 1959 


. 16-20, 1959 


18-19, 1959 


. 20-22, 1960 


THIRTY-SECOND ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
Host—Sewage and Industrial Wastes Section, 
Texas Water and Sewage Works Association 

Statler Hilton Hotel, Dallas, Texas 


Technical Meetings and Exhibits—Dallas Memorial Auditorium 
October 12-15, 1959 


: 


SEWAGE AND INDUSTRIAL WASTES 


...for faster, more complete 
COMMINUTION OF SEWAGE SOLIDSI 


The screen and 


Most materials are handled in a | 


single pass. Rollers at the bot- 
tom of a curved bar screen inter- 
cept heavy solids—lighter ones 
are raked down automatically. 
Any over-size comminuted solids 
are automatically rescreened and 
returned to the comminuting 
rollers until reduced to a_ size 
that permits passage through the 
screen, 


No matter what the load may be, 
the unit operates continuously 
without harm to the mechanism, 
because of its rugged construction 
and safety devices incorporated in 
its design 


comminutor is a completely pack- 
aged unit ready for simple and 
easy installation. A full range of 
sizes is available. For complete 
information write today for Bul- 
letin 5150-A. 


Over 60 years of 
engineering leadership 
in water, sewage 

and waste treating 
equipment. 


Infilco Inc. 
General Offices: Tucson, Arizona 
P.O. Box 5033 


Field offices throughout the 
United States and in foreign countries. 


See it on display . . . Booths 68-69, F.S.I1.W.A. Show . . . October 11-15 
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No weather problems this winter 
—if you plan now... 


PIPE THROUGH PIPE UNDERGROUND 


with 


PRECAST REINFORCED 
ively) CONCRETE TUNNEL PIPE 


Avoid the hampering effects of winter weather 
on outdoor construction by working underground. 
Plan now to utilize the Inner-Circles Method of 
building new sewers (left) and relining failing 
sewers (above) this winter. 


Extensive surface excavation and back-fill elim- 
inated +» Reduced equipment and labor «+ Faster 
completion at lower cost + Overhead traffic un- 
disturbed + Improved hydraulics + Pretested 
pipe strengths + Tight joints—even on sharp 
curves + Installation equipment furnished. 


The two-way Tunnelugger can operate in either 
direction from a centrally operated shaft— 
quickly delivering and positioning elliptical sec- 
tions through conduit already laid. 


Inner Circles are the most economical method of 
Worker guides an oval-cheped installing tunnels in stable soils and on mild 
section of Inner Circles pipe slopes. For more complete information write for 


which the Tunnelugger has an opinion by our experienced technical staff. 
carried through the conduit 
already laid 


AMERICAN-MARIETTA COMPANY 


CONCRETE PRODUCTS DIVISION 
GENERAL OFFICES 
AMERICAN MARIETTA BUILDING 
101 FAST ONTARIO STREET, CHICAGO 11, ILLINOIS, PHONE: WHITEMALL 4.5600 
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FLUIDICS* AT WORK 


Checking clarified effluent of the Permutit Colloidair Separator at the Homasote Company 


How to side-step a public health hazard 
...and step into big new savings 


Maybe you have a problem similar to the 
one that pel soo the Homasote Com- 
pany, Trenton, N. J. 

They make high-density wood fiber in- 
sulation board. The process could create a 
waste disposal problem and impair the 
company’s good community relations. 

The answer found by Homasote turned 
out to be more than just a waste treatment 
system. It is also a valuable way to save 
money, through reclaimed product and 
water. 

The Permutit Colloidair Separator is be- 

hind this accomplishment. 
Saves product. White water feeds into the 
Colloidair, where a “bubbling-out” process 
raises the fibers to the surface. These fibers 
are scraped off and reclaimed. 


Saves water. No water is wasted in this 
closed-circuit operation. Colloidair clarifies 
it for Homasote’s re-use in pump glands, 
stuffing box seals, and for general cleanup. 


Saves heat. The reclaimed water holds 
most of its heat during the clarifying proc- 


PFAUDLER 


Specialists in FLUIDICS.. 


ess. This saves the expense of reheating 
for re-use. 

Easy to use. Colloidair works almost by 
itself. The operator does little more than 
periodically charge chemical tanks. 


Homasote is getting these benefits today 
. when would YOU like to start? 


We will be glad to run lab and/or pilot 
plant tests to show just what the Permutit 
Colloidair Separator can do with your 
white waters and/or waste waters. 

Save your public relations . . . and your 
money. Get more information on Colloid- 
air by writing our Permutit Division, Dept. 
S1-109, 50 West 44th Street, New York 36, 
New York. 


*FLUIDICS is a new Pfaudler Per- 
mutit program that provides a modern, 
imaginative approach for handling and 
processing liquids and gases more 
profitably. 


PERMUTIT inc. 


. the science of fluid processes 
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A BATH WAS AN OCCASION in Grandfather's day. 
Setting up the tub, heating bucketfuls of 

water was a chore even the fussiest usually 
confined to one day a week—Saturday night. 


EVERYDAY IS SATURDAY TODAY. With clean, 

pure water...carried through cast iron 

pipe ...the shower or bath today is an 
pted part of A i living. 


FOR WATER, SEWERAGE AND 
U. S. PIPE AND FOUNDRY COMPANY 
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but better than ever today! 


Mine-to-main control assures 
U. S. Pipe quality in service 


Water, harnessed and put to work, is the firmest base on which 
a community can build. 


Water officials are doing an outstanding job keeping the 
nation’s water pitcher filled. Cast iron pipe is their 
most dependable ally. 


To furnish that dependability ...in every detail ... U.S. Pipe 
controls production every step of the way. From mine 

to final shipping U. S. cast iron pipe is subjected to 
intensive quality checks. ..checks to provide long life, 
efficiency, trouble-free service. 


Quality is built into U. S. cast iron pipe. 


CLEANING ORE.U. S. Pipe ore clean- MOLTEN IRON in a measured amount VIGHANCE. Specimens of U.S. Pipe 
ing plant at a mine where ore is is poured into a machine ladle, pre- are periodically subjected to a ring 
crushed and passed through sepa- paratory to the start of th rifugal hing test in a 200,000 pound 
trators to float off impurities. casting cycle. universal testing machine. 


® 


INDUSTRIAL SERVICE 


Birmingham 2, Ala. A wholly integrated producer from mines and blast furnaces to finished pipe. 
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Weir plates of Everdur control water 
flow in Toronto's new Humber plant 


water every day at the 


EVERDUR RESISTS CORROSION. Installations of 
Everdur sewage-treatment and waterworks 
equipment in the United States have been 
in service without replacement for 30 
years and longer. 

EVERDUR IS TOUGH. Everdur, Anaconda’s group 
of copper-silicon alloys, also possesses high 
physical strength and resistance to wear and 
abrasion—so that wrought equipment can be 
designed with lighter weight. 


EVERDUR IS READILY FABRICATED. Everdur alloys 

are available for hot or cold working, welding, 

free machining, forging and casting—and can 

be supplied in plates, sheets, rods, bars, wire, 

tubes, electrical conduit, and casting ingots. 

WRITE FOR PUBLICATION E-11—Oor for assistance 

from the Technical Department in selecting 

the correct material for your equipment. 

Address: The American Brass Company, 

Easy fabrication. Eve es ng Waterbury 20, Conn. In Canada: Anaconda 
ned by arc welding prior nstallatior American Brass Ltd., New Toronto, Ont. 596 


EVERDUR: Family of Copper-Siticon Alloys 


STRONG WELDABLE WORKABLE CORROSION-RESISTANT 
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Cedar Rapids Sewage Plant prefers 
Homestead 100% Port Opening Valves 


In the transport of sludge and grease from settling 
basins, full pipe area lines are essential to long 
pump life. That’s why Howard R. Green Company, 
Engineers, specified 95-4”, 15-6”, and 9-8” Home- 
stead Lubricated Plug Valves in this lowa sewage 
treatment plant. Homestead’s 100% pipe area 
design guarantees full flow—no restrictions to put 
a strain on pumps and motors. 
{ Add positive lubrication and sealing, Homestead’s 
leakproof no-stick design, plus minimum mainte- 
a nance, and you’ll know why Superintendent William 


J. Meaney says, “‘I’m fully satisfied with Homestead 
Valves on our lines.”’ 
Mail coupon today for Reference Books 39-1 


and 1A—a complete library of Homestead 
Lubricated Plug Valves and their uses. 


Homestead 100% Port opening Lubricated Valves 
controlling supernatant, sludge and gas in Cedar 
Rapids Sewage Plant. 


Please send me complete data on Home- 
stead Lubricated Plug Valves and their suggested uses. 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P. O. Box 48, Coraopolis, Pennsylvania 
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Eimco-Process Equipment Can be Engineered 
to Meet the Needs of Any Community .. . 


All over the United States, municipalities 
are finding it profitable to utilize, fully, to- 
day’s modern cost-cutting equipment for 
sewage, industrial wastes and water treat- 
ment 

That's why so many _ forward-looking 
communities from coast to coast have in- 
stalled Eimco-Process equipment. 

Operators of these plants have found 
that Eimco-Process equipment for gravity 
and flotation separation combines high 
efficiency, based on scientific design, and 


heavy-duty construction They get years of 
dependable performance, and many low 
maintenance advantages that result in re- 
duced costs 

The Eimco-Process representative in your 
area is a trained application engineer. He 
will be glad to work with your engineers 
or consultants on your specific problems. 
You can be sure that the equipment he 
recommends will be as well-suited to your 
job as careful planning and skillful engi- 
neering can make it 


q ARLINGTON, TEXAS fim 


| 
PAGE, ARIZONA OYSTER BAY, N.Y. 
; 


we HICKORY, NO. CAROLINA 


' LAS VEGAS, NEV. 


THE EIMCO CORPORATION Process Engineers Division 


420 Peninsular Avenue 
San Mateo, California 
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Effluent and Water Treatment Tanks 


Beautiful Glazed Tile for 


istance 
sion Rest 
ete Corro 
Compl 
st to Concrete or 
g Maintenance 


Comparable in Co 


Steel... No Continuin 


Stebbins SemTILE® and SEMBLOK® 
tanks are, in effect, reinforced con- 
crete structures faced on both sides 
with vitrified tile. No form work is 
required, Contours and dimensions physical and mechanical require- 


can be varied to fit all types of ments, to the finished job ready 
specialized equipment. for use. 


Installations can be made under a 
contract which covers everything 
from the original design, based on 
full knowledge of the chemical, 


Write for complete information 
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Specialist Design, Installation and Servicing of tinings and TileTanks 
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What’s the best way — 
of getting water 
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CAST IRON PIPE 


America's greatest water carrier 


Why do we say that? 


This year, as every year, more miles 
of underground cast iron water 
mains are in use than all other kinds 
of pipe combined. 


Furthermore, more miles of cast iron 
water mains are now being pur- 
chased and laid than of any other 
kind of pipe. 


Yes, cast iron is always the favorite. 
A recent impartial survey showed 
that consulting engineers and water 
utility officials prefer cast iron pipe 
for underground water distribution 
by an overwhelming majority. 


Installation of 2000 feet of 12-inch 
mechanical joint cast iron pipe along 
state highway. Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 
8440 Prudential Plaza, Chicago 1, Ill. 


Eight-inch cast iron pipe ready for in- Installation of 60-inch flanged pipe and 
stallation of 2-main water system in fittings for circulating condenser water 
new subdivision. in a power plant. 
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Additions to a municipal water system ; 2 

totaled 116,080 feet of slip-on joint cast What are its advantages: 

iron pipe in 6-, 10- and 12-inch sizes. e Long life. The cast iron pipe you in- 
stall today will be performing economi- 
cally a hundred years from now. 


High-capacity flow. Cement-lined cast 
iron pipe will deliver the full-rated flow 
all through the years. No other pipe, 
size for size, can carry more water. 


Corrosion resistance. Long life proves it. 
Most water utilities are still using the 
first cast iron pipe they installed. 


Great beam strength. Cast iron pipe re- 
sists the effect of heavy traffic, shifting 
soils. 


Tremendous load resistance. Six-inch 
cast iron pipe (Class 150) withstands a 
load of nearly nine tons per foot! 


Pressure-tight joints. You have a com- 
plete choice of leakproof, easy-to-as- 
semble joints. You need a minimum of 
tools and work crew. 


Ease of tapping. No tapping saddles 
needed. Takes threading best of all 
kinds of pipe. 


Private water company main extension d 
of 6-inch slip-on joint pipe for housing ++-800 reasons for you to choose 
development. 


CAST IRON PIPE 


THE MARK OF THE 100-VEAR Fire 


433a 


| 4 
a « og 
. % 


SEWAGE AND INDUSTRIAL WASTES 


National knows how to work quickly reducing supplementary 
labor costs and service interruptions. 


National knows how to clean the difficult jobs, including 
hard incrustations, unusual obstructions and pipes of 
unusually large or small diameter. 


National knows how to clean long runs with a minimum 
number of pipe entries. 


National knows how to avoid trouble, such as can occur 
from improper provision for drainage of flush water 
from large mains or from the use of excessive pressures. 


National knows how to clean so thoroughly that restoration 
of 95% of the original pipe capacity is guaranteed. 


National Know-How comes from over 40 years of 
experience cleaning water mains. 


Write or call today for information and prices. 


_ NATIONAL WATER MAIN CLEANING COMPANY 


50 Church Street - New York, N.Y. 


ATLANTA 3, GA., 333 Candler Building * BERKELEY, CALIF., 920 Grayson Street * 
BOSTON 15, MASS., 115 Peterboro Street * CHARLOTTE, N. C., 533 Hollis Road * 
CHICAGO, ILL., 8 So. Dearborn Street * DECATUR, GA., P. O. Box 385 * EL MONTE, 
CALIF., 2024 Merced Avenue * FLANDEAJU, S. D., 315 N. Crescent Street * KANSAS 
CITY, MO. 3707 Madison Avenue * MINNEAPOLIS, MINN. 200 Lumber Exchange 
Building * OMAHA, NEBR., 510 Standard Oil Bldg. * RICHMOND 21, VA., 2910 W. Clay 
Street * SALT LAKE CITY, UTAH, 502 West 3rd Street * SIGNAL MOUNTAIN, TENN., 
204 Slayton Street * VILLA PARK, ILL., 424 S. Yale Avenue * MONTREAL, CANADA, 
7445 Chester Avenue * WINNIPEG, MANITOBA, 576 Wall Street * BOGOTA, COLOM- 
BIA, Apartado de Correos #5 * SAN JUAN 10, PUERTO RICO, Manquinaria, Apartado 
2184 * LIMA, PERU, Bolivar 441-A, Marafi * CARACAS, VENEZUELA, Apartado 561 °* 
HAVANA, CUBA, P. O. Box 531 * OSLO, NORWAY, Radhusgaten 30 


134a 
\ 

KNOW-HOW PAYS! 

4 
| 
: 
: i 


SEWAGE AND INDUSTRIAL WASTES 


CUTS SEWAGE TREATMENT COSTS UP T0 27% 


Ne 


me 


Gilbert W. Clifford F. M. Cahaly Marion C. Weich, Richard A. Stevens, A.1A. Harold D. Briley (left) 
Gilbert W. Clifford & Fay. Spofford & Thorndike Cons. Engr Stevens & Bertin, Architects and Harry E. Wild (right) 
Associates Boston, Massachusetts Lexington, Ky. Rochester, New York Briley, Wild & Assoc. 
Treasure Island, Florida Chose a Cavitator® plant Specified Hi-Cone® for the Kingdom Plaza Shopping yto: ach, Florida 
Designed around Hi-Cone for Kent County Hospital Lansdowne Subdivision Center, Seneca Falls. N. ¥ Specified Hi-Cone® for 
for the Carol City, Florida Warwick, R. | Lexington, Kentucky Clearwater's Marina plant 
plant 


Cavitator” Engineering Report: technical analy 
© Lowest capital costs ' nd report covering cost and performance 
@ Shortest aeration period; lower power demand _— a 
@ Tank walls and floor continuously scoured The Hi-Cone’ Studies: Dr. W. E. Howland’s Study 
@ Lowest operating and upkeep costs and Commentary on the Manchester Reports 
@ No falling off in efficiency 
@ No diffusers, blowers, or air cleaners YEOMANS Brothers Company 
@ No diffuser cleaning 1999-7 N. Ruby St., Melrose Park, Ili 
@ No expensive blower housing 
Call in your Yeomans representative to fill out details on the cost 
story, or request the performance reports offered at right 


Please send me copies of the reports checked above 


Name 


Title 


Organization 


Address 


City 
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The Problem: To lay three 
miles of 30” and 36” sewer 
along and under Three 
Mile Creek, all below the 
water table, without 
burdening the treatment 
plant with ground water. 


The Engineer: J. B. Converse 
& Co., Inc., Mobile, Ala. 


The Solution: Specifying 
concrete water pipe to 
AWWA Standard C302-57. 


The Contractors: J. E. 
Milam Construction Co., 
Birmingham, Ala., Branch 
Erection Co., Mobile, Ala., 
Bernard & Byrd, Mobile, Ala. 


The Result: To quote the 
Engineer, ‘We have found no 
leaks in the line and no 
measurable infiltration.” 


VULCAN MATERIALS COMPANY 


PE DIVISION 


3030 Peachtree Road, Atlanta, Georgia CEdar 3-7127 
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Typical modern waste 
treatment plant com- 
pletely equipped with 
REX Sanitation Equip- 


REX FLOAT-TREAT... 
Treatment by dissolved 
air flotation. 


TRAVELING WATER SCREENS 4, 
...Fine screening for process 


or waste water. 


REX waste TREATMENT EQUIPMENT ASSURES 


PROVEN PERFORMANCE...MAXIMUM ECONOMY... 


REX BAR SCREENS... SOUND ENGINEERING...MODERN DESIGN 


Coarse screening for 
large solids removal. 


| Whatever the problem in waste treatment, whether it’s the 
removal of solids or the recovery of valuable products, 

CHAIN Belt Company is ready with the economical answer 
REX RIM-FLO  ...an answer developed through nearly 30 years of practical 
CLARIFIERS... experience and research. 
pe RP CHAIN Belt offers the best in modern methods of treat- 
enitien ili ment as well as a complete line of modern, quality equipment. 

Rex can offer the right type and size for nearly every require- 
ment, from a tiny steel tank package plant to large multi- 
unit concrete tank installations. 

Flexibility in choice of process and equipment assures the 
lowest possible plant cost, lowest operating and maintenance 
cost consistent with top performance. 

Rex processes and equipment reduce pollution, save valu- 
able products and water with efficient use of space and 
facilities. Existing structures may often be utilized to provide 
modern treatment with slight modification. 


REX VERTI-FLO CLAR- 
IFIERS...Maximum 
settling efficiency ta © The CHAIN Belt technical staff can assist in the evalu- 
ee ation of any waste treatment problem. Laboratory and field 
investigations will be performed and waste analyzed for 
proper equipment selection. Laboratory test service is avail- 
able, as well as pilot units for field tests, 


Call the nearest Rex Field Sales 
Office for complete information 
on the waste treatment equip- - 
ment shown here and many 


REX SLUDGE COLLECTORS...Suction or scraper other types. Or write CHAIN 
type...round or rectangular tanks. Belt Company, 4606 W. Green- 
field Ave., Milwaukee 1, Wis. 


SEWAGE AND WASTE 
TREATMENT EQUIPMENT 


AAT RM! company 
— 
a 
/ 
—. 
SSN 
Sy 
(fj A 
SSF 
& / 
3 

. 

4 


SEWAGE AND INDUSTRIAL WASTES 


= NICHOLS HERRESHOFF 
MULTIPLE HEARTH FURNACES 
One burning operation disposes of 
Grit, Grease, Screenings and Sludge 

-- Singly or together 


Nashville, Tenn. 
Consulting Engineers: 
George P. Rice 
The Chester Engineers 


M477 St. W., Montreal 25, Canada 
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Exclusive FLUID-TITE Coupling joins lengths of varying crushing strengths 
and sizes. Assemble in any weather—without heavy machinery. 


“K&M ASBESTOS-CEMENT SEWER PIPE 


Infiltration-proof at 25 psi pressure! 


Exclusive, patented “K&M” FLUID- 
TITE Coupling maintains a_ perma- 
nently infiltration-proof seal under 
severest field conditions. 

This is true even when “K&M” Asbestos- 
Cement ‘“FLUID-TITE” Sewer Pipe is 
under deflection, or is buried at various 
depths under heavy backfill. Tests 
prove this infiltration-proof pipe can 
withstand 25 psi external water pressure. 
There’s minimum maintenance with 
“K&M” Asbestos-Cement FLUID-TITE 
Sewer Pipe. It reduces treatment loads 
and costs. Requires fewer periodic in- 
spections and cleanings. 


Eliminate the problem of infiltration 
with tested and proven “"K&M” Asbes- 
tos-Cement FLUID-TITE Sewer Pipe. 
Write to us today. 


KEASBEY & MATTISON 


Company Ambler Pennsylvania 
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City of Sidney, Ohio gets... 
Smooth Measurement of Sludge Magnetically 


This compact, trouble-free Foxboro Magnetic 


No line restrictions — no pressure Flow Meter is installed right in the return acti- 
taps to plu With the Foxboro vated sludge line at Sidney, Ohio’s modern new 
P sewage plant. There's nothing in the line to 
Magnetic Flow Meter there Row .. 
ing in the line to cause pile-up of 
solids. And you can forget about 
purging of pressure taps — there 
aren't any. Electric cable carries 
measurement signal to remote 
Dynalog* Electronic Recorder, pro- 
viding a direct magnetic measure- 
ment of fluid velocity. 
Get full details on this unique de- = 
velopment in flow meters. Writefor 
Bulletin 20-14B. The Foxboro Com- All Flow measurements are recorded by Fox- 
pany. 8810 Neponset Ave., Fox- boro Instruments centrally located in director's 
boro, Mass., U. S. A office at Sidney plant. Shown above are: (I. to r.) 
Air Flow Recorder with integrator: Sewage Flow 
Recorder with integrator; Dynalog Recorder for 
return activated sludge. 


OXBOR FIRST in FLOW 


Reg. U.S. Pat. Off. 


. no pressure taps or purges. 


*Reg. U.S. Pat. Off 


140 
FLOW METER | 7 


These new facilities now in operation at Copperhill, Tennessee 
substantially increase our production of Ferri-Floc and will 
permit us to supply the increased demands for this superior 
coagulant at all times. 


HE COAGULANT WITH THE PLUS FEATURES 


Excellent Taste and Odor Control Turbidity Removal 


Increased Filter runs Manganese and Silical Removal 
Coagulation over Wide pH range Bacteria Removal 
Rapid Floc Formation Ease of Operation 


Efficient and Economical 


AVAILABLE IN BULK, ANO ALSO IN DOUBLE LINED 
POLYETHYLENE BAGS AT NO EXTRA COST. 


FREE BOOKLET — We 
will send you, without 
charge, a 38 page booklet 


—Just make request on Building, Atianta 3, Georgia 
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As the 120-foot outfall was lowered into 
place, it was joined to remaining portion 
of existing outfall 


120-Foot Outfall Installed in One Piece 


Seattle replaces old outfall with five 24-foot lengths of 
Armco Pipe joined together. 


Engineers selected Armco ASBESTOS- 


maintain good alignment during and 


Bonpep® Corrugated Metal Pipe to re- after installation. 
place an old outfall sewer in Puget Armco Corrugated Metal Pipe can 
Sound, Seattle. They found that the entire help solve your sewer problems toc. A 
120-foot outfall could be assembled on variety of protective coatings is available 
dry land, with the joints made tight, and to meet practically any corrosive or ero- 
then lowered into place. Bolted coupling sive condition. Write us for complete de- 
: bands with extra bolts through the pipe tails. Armco Drainage & Metal Products 
provided the necessary beam strength to Inc., 5999 Curtis St., Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 
OTHER SUBSIDIARIES AND Divisions: Armco Division * Sheffield Division 
The National Supply Company * The Armco International Corporation 
Union Wire Rope Corporation * Southwest Steel Products 
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prow... the equipmemt”... wacker PRocess 
MIXING ‘ 
 GASLIFTER 


INCREASED CAPACITY—GASLIFTER circulated digesters easily handle 

loadings of 6 Ibs. of solids /cu. ft./mo. 

BETTER DIGESTION—|5 to 20°7 more gas (methane) per |b. of volatile solids, 
together with low and uniform volatile acids—all accomplished in single stage 
digestion at high loading rates. 

ELIMINATES SCUM BLANKETS AND GRIT SHOALS—Rapid circulation 
along roof, walls and bottom disperses grease blanket and prevents loss of 
capacity due to grit shoaling. 

4 ADAPTABLE TO STANDARD OR HIGH RATE DIGESTION—The GAS- 
LIFTER may be applied to either standard or high rate digesters with equally 
efficient results. 

ACCESSIBLE—SPECIALLY DESIGNED LOCKING CHAMBER permits indivi- 
dual inspection and service of stainless GASLIFTER sparging units without 
dangerous gas loss or digester shutdown. 

NO MECHANICAL SHUTDOWNS—GASLIFTER utilizes gas-lift principle 
and completely avoids mechanical troubles from rag and sewage "string foul- 
ing. Sparjers used to diffuse gas in the eductor tube avoid all orifice troubles. 


Above—lInstailation at Aurora Sani- 
tary District, Aurora, Illinois serves 
to illustrate circulation and mixing 
action achieved with GASLIFTER. Pub 
lished operating data attests to the 
resulting increased efficiency 
Walter A. Sperry 
Supt. Aurora Sanitary District 
Walter Deuchler Co., Aurora 
onsulting Engineers 


Engineers will be interested in 
Bulletin 25-S-91 for details on 
GASLIFTERS: ond Brochure 25- 
$-11336 for complete report on 
GASLIFTER operating results ot 
full scale plant installation 
Write for your copies 


GASLIFTER is o trodemork of 


GASLIFTERS incorporate the patent rights of Joseph Cunetta Walker Process Equipment inc 


WALKER PROCESS EQUIPMENT INC. 


‘ACTORY * ENGINEERING OFFICES * LABORATORIES — 


AURORA, ILLINOIS 


rd 
Bis 
4 
3 
wee 
3 
4 


SEWAGE AND INDUSTRIAL WASTES 


RELOCATED TOWNS START RIGHT 
WITH D-O0 EQUIPPED SEWAGE PLANTS 


Modern installations are provided for 
three communities moved by St. Lawrence Seaway project ‘ 


Relocation of three Ontario communities, due to construction of dams 
for the St. Lawrence Seaway, made modern sewage treatment plants 
necessary. In each case, basic equipment was manufactured and sup- 
plied by our Canadian Associate, Dorr-Oliver-Long Ltd. 


D-O is a foremost supplier of sewage and water treatment equip- 
ment to meet the needs of any type of plant. For details on the wide 
range of units available, write to Dorr-Oliver Inc., Stamford, Conn. 


IROQUOIS, ONT 
Clarifier, 30’ dia. x 12” SWD; 
Digester, 25’ dia. x 18’ 

SWD; Sludge Pump. Design 
population: 5,000. Design 
flow to plant: 600,000 GPD 


MORRISBURG, ONT 
2 Clarifiers, primary type, 
20’ square x 7’ SWD 
Design population: 5,000 
Design flow: average 
600,000 GPD, Maximum 
900,000 GPD 


LONG SAULT, ONT 
2 Clarifiers, primary and 


secondary, each 28’ dia. x 
8' 6” SWD. Design 
population: 3,000. Desian 
flow: average 360,000 GPD, 
maximum 605,000 GPD 


DORR-OLIVER 


= 


WORLD-WIDE RESEARCH * ENGINEERING + EQUIPMENT 


| 
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T nto, Ontario 
4 


Sewage 


Works 


THE BIOLOGICAL CONTROL OF ENCLOSED 
ENVIRONMENTS 


By C. 


Sanitary Engineering Research 


Laboratory, 


G. GOLUEKE, W. J. OswaLp, AND P. H. McGaunery 


Department of Engineering, 


University of California, Berkeley, Calif. 


The launching of the first earth 
satellites and the rapid development of 
space technology emphasize the need 
to prepare for the eventual day when 
man embarks on extended voyages into 
space. As rocket technology  ap- 
proaches the state where man-bearing 
ships can be projected into outer space, 
it is important to begin immediately 
an intensive study of all possible means 
of enabling man to live for extended 
periods inside ships or stations sus- 
pended in or moving through an en- 
vironment which would be instantly 
lethal to him. It is obvious that one 
of the essential conditions for survival 
in such a situation is the rigid control 
and the constant renewal of the en- 
vironment within the ship. On ex- 
tended trips this control and renewal 
will by its very nature involve not only 
the disposal of the crew’s solid, liquid, 
and gaseous wastes, but also the re- 
conversion of these wastes into usable 
products. Such reconversion is neces- 
sary in order to minimize the load 
which must be projected from the 
earth at the time of launching. 

It is essential to recognize at the out- 
set that environmental control requires 
a continuing source of primary energy. 
This energy source must either be 
projected from the earth along with 
the ship’s crew, or be external to the 
ship itself. The power capacity re- 
quired per man is ordinarily estimated 
to be about 10 kw, and thus the energy 
requirement is more than 200 kwhr/ 


day/man. Needless to say, environ- 
mental control by conventional fuels is 
barred by simple logistics for any but 
the most perfunctory voyage into space. 
Two alternatives present themselves— 
atomie energy and solar energy. Use 
of atomic energy would presumably re- 
quire a heavy generating plant plus 
either weighty shielding or remote po- 
sitioning to protect the crew from 
‘adiation, in which case the plant 
would be shielded in common with the 
power source for the ship. The nu- 
clear fuel requirement, however, would 
be only about 10 to 15 g/yr/man (1). 
Solar energy has the limitation of vary- 
ing with distance from the sun and 
could probably be used direetly for bio- 
logical purposes only after filtering out 
the intense ultraviolet and other short- 
wave components. 


Review of Control Methods 


The environment within a space ship 
or station might be regulated either by 
chemical-mechanical means, by biologi- 
cal means, or by a combination of the 
two. Chemical-mechanical methods 
would include the use of lithium hy- 
droxide for absorbing earbon dioxide, 
and of liquid oxygen to meet the 
respiratory requirements of the crew. 
Liquid wastes could be distilled to re- 
move salts and to recover water. 
Moisture evaporated from the surface 
of the skin or exhaled by man would be 
recovered by condensation. A chemi- 
eal-mechanical method of environ- 
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mental control has the advantage of 
being compact, easily manipulated and 
regulated, and may require less total 
energy than biological methods. These 
advantages, although impressive for 
short voyages, are minimized or lost 
with the extension of the time period 
during which the atmosphere must be 
controlled, because the weight and vol- 
ume of working materials increase in 
proportion to the increase in length of 
voyage; whereas, the weight of a bio- 
logical system would remain constant. 

Most of the existing physicochemical 
methods are characterized by grave dis- 
advantages inherent in the systems. An 
example is the lithium hydroxide- 
lithium carbonate system for carbon 
dioxide exchange, which has been de- 
scribed by Gustavson (2) and Konecci 
(3), and which at present, is probably 
the most feasible non-biological method. 
In this system, lithium carbonate pro- 
duced by absorption of carbon dioxide 
would be converted back to lithium 
oxide by heating, and the evolved car- 
bon dioxide would be 
within the ship or released into space. 


compressed 


In the former case, heavy compressors 
would be required, while in the latter, 
the result would be a loss in mass of 
the ship, and ultimately, a lowering 
of the atmospheric pressure within it. 
A system in which wastes are oxidized 
chemically would result in the gradual 
accumulation of the stabilized products, 
which would require heat energy for 
reconversion. Incineration of wastes 
would require oxygen, while gasifica- 
tion of wastes without oxidation would 
produce toxie gases such as ammonia. 


Water Requirements 


Meeting the water requirements of 
the erew ranks in importance with the 
provision of adequate gas exchange in 
controlling an environment. 
Therefore, in evaluating practical sys- 


enclosed 


tems for regulating and renewing en- 
closed environments, it is necessary 
not to ignore one of the more homely, 
yet basic requirements for the well- 
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being of modern individuals; namely, 
miininial 
quantities of water in personal hygiene 
and sanitation. It is true that for 
simple survival a man can exist on a 
little than one gallon of water 
per day (including intake with food 
and by drinking); but for the avoid- 
ance of skin discomforts and skin dis- 
eases, Which multiply with time, he 
must bathe frequently. An additional 
gallon of water per day would be re- 
quired for cleansing the hands and 
face for a simple sponge bath. Finally, 
because materials will have to be used 
over and over again, it is essential to 


the essential part played by 


less 


provide for cleansing of clothing and 
eating equipment. These operations 
might require from two to three gallons 
per man. It appears, therefore, that 
for a man to dwell comfortably in an 
isolated environment for an appreci- 
able length of time, he will 
several gallons of water per day. 
most 


require 
The 
insuring an 
adequate daily water supply and of 
maintaining a 
would be to 


obvious means of 
low launching weight, 
carry only an amount 
equal to the crew’s needs for a given 
period of time, and then to reuse the 
supply continually by reelaiming it 
from liquid wastes in a process which 
would reclaim water at 
as needed. 


the same rate 
If this were done by chemi- 
cal-mechanical means, distillation would 
the but it has 
many disadvantages, among which are 
the large amount of heat required and 
the release of ammonia. 


seem obvious choice; 


As an alterna- 
tive, the waste liquids could be purified 
by resins in passage through an ion- 
exchange column, The disadvantage of 
such a system would be the weight 
and bulk of the and of the 
chemicals required to regenerate the 
Both distillation and ion-ex- 
procedures have the disad- 
vantage of reclaiming only the water 
fraction of the wastes. Waste organic 
solids must first be filtered out, and 
since their reclamation may be accom- 
plished only by biological processes, 


resins 


resins, 


change 


; 
e 
5, 
| 
: 
| 

> 
> 
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they would 
ejected 


storage. 


presumably have to be 
from the ship or placed in 
Furthermore, boiler scale and 
blow-down from distillation, as well as 
wastes from the regeneration of resins, 
would tie up chemicals in forms no 
longer suitable as nutrients for man. 
Hence, secondary systems would be re- 
quired for the recovery of solid wastes ; 
or their replacement in more usable 
form would have to be a part of the 
ship’s stores, along with the compressed 
gas necessary to restore the internal 
pressure lost in periodically ejecting 
them from the vehicle. 


Advantages of Biological Control 


A biological system of environmental 
control would have none of these prob- 
lems. The system not only would ac- 
complish the necessary gas exchange of 
oxygen for carbon dioxide, but would 
also purify and reclaim the water from 
the liquid wastes with but little added 
power or weight requirements. That 
is, the one system would serve as a 
complete control of the environment. 
The control and renewal of the internal 
environment of a space ship by biologi- 
cal means would seem to be compatible 
with man’s psychological and physical 
ature in that he has always been a 
part of such a system. The world is 
essentially an enclosed environment 
which is almost completely regulated 
and constantly renewed by biological 
means. Thus, there is no question 
that biological control of environment 
will function; the only question is, can 
these biological cycles be made to op- 
erate on a sufficiently small scale to be 
If it were 
possible to decrease the size of such a 
which could be 
fitted into a space ship and insure 


practical in a space ship? 


system to a volume 
its continued survival under the rigors 
of space travel, the crew could enjoy 
with a minimum of physiological and 
psychological readjustment the same 
biologically regulated environment to 
which they are normally adjusted. 
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A practical method for simulating 
the earth’s biological system is shown 
in Figure 1. The system involves the 
exclusive of single-celled green 
algae to carry out the reactions of the 
green plants in the plant kingdom, 
while man, aided by bacteria, would 
carry out the role of the animal king- 
dom. In the system, all solid and 
liquid wastes, excretory and otherwise, 
are converted by bacteria through oxi- 
dation into products which serve as 
nutrient for the algae and the water 
is rendered suitable for reuse. Carbon 
dioxide given off by the crew and by 
the bacteria is synthesized by the algae 
into new cellular material with the 
use of energy in the form of light. 
In so doing, oxygen is released, which 
in turn, is used by the crew and by 
the bacteria. As the diagram indicates, 
the process is cyelie, except that algae 
are stored instead of being recycled 
as food. unicellular algae 
usually contain a high pereentage of 
protein and relatively little carbohy- 
drate, they could not be used ex- 
clusively as a foodstuff. Therefore, the 
algae would be stored, either in their 
entirety, or in an amount proportion- 
ate to the mass of food consumed. 

Although the advantages of bio- 
logical system of environmental con- 
trol in space ships and stations are 
obvious and widely recognized, work 
has been limited largely to one phase 

the removal of carbon dioxide and 
the replenishing of the oxygen supply 
(1) (2) (3) (4) (3). 
reported 


use 


Secause 


The studies herein 
were therefore designed to 
treat the biological system as an engi- 
neered means of total control of air, 
water, food, and well-being, rather 
than merely as a gas exchange system 
in an isolated environment. They are 
an outgrowth of previous studies on 
the disposal of solid and liquid wastes 
by integrated algal-bacterial systems 
made by Oswald and Gotaas (6) and 
Oswald et al. (7) in the use of photo- 
synthetic oxygenation in sewage treat- 
ment during the past few years. 
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Experimental Procedure 
The investigation was divided into 
two studies. The first of these was 
coneerned with determining those en- 
vironmental conditions under which 
maximum algal growth and efficiency 
can be attained. As indicated in the 
general equation for photosynthesis 


light 


> (CHO) 


CO. + 2H.0 


The gas exchange capacity of a 
photosynthetic system is a direct fune- 
tion of the rate of cell growth; hence, 
any set of conditions which would en- 
hance ecell growth would also result in 
an increase in the gas exchange ¢ca- 
pacity of the system. The second study 
was concerned with the waste treat- 
ment and reclamation aspects of the 
system. 

Culture Development 

The first step in developing a bio- 
logical control is the isolation of groups 
of organisms capable of functioning at 
high efficiency under the wide range 
of environmental conditions to be en- 
countered during the flight of a space 
ship. Thus, an important feature of 
the investigation was the use of mixed 
cultures of algae developed from 


FIGURE 1.—Reactions and cycles involved in the complete control of an enclosed 
environment by a biological system involving man, algae, and bacteria. 


strains encountered in high-rate waste- 
water stabilization ponds. Mixed eul- 
tures of algal and bacterial flora were 
used because the physiological char- 
acteristics and requirements of each 
group of organisms differ; therefore, 
it is reasonable to assume that a com- 
plex consisting of two or more groups 
of photosynthetic organisms would re- 
sult in an inerease in the tolerance of 
the culture as a whole to a wider spec- 
trum of environmental conditions. 
Environmental factors studied in- 
cluded temperature, carbon dioxide 
concentration, length of light duration 
per 24-hr period, detention period, and 
rate of light energy input. Suitable 
cultures were developed through the 
process of selective adaptation, 1.e., by 
exposing the strains of organisms ob- 
tained from high-rate stabilization 
ponds to the environmental conditions 
specified. As might be expected, a high 
rate of kill accompanied the first ex- 
posure, but eventually a culture of 
algae and bacteria was developed which 
operated efficiently in a temperature 
range from 20 to 40°C, and was 
capable of surviving brief exposures to 
temperatures of 48 to 50°C. No at- 
tempt was made to isolate pure strains 
of the organisms involved, but uni- 
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AUTOMATIC CONTINUOUS ALGAL GROWTH 
UNIT - SCHEMATIC 


FIGURE 2.—Schematic diagram of growth units used in determining the effect of various 
environmental conditions on the efficiency and growth rate of algal cultures. 


formity of inoculum was insured by Chlorella and Scenedesmus in the ratio 
maintaining the stock culture of mixed of 5 or 6 to 1. 


organisms under constant 


environ- Experiments on the development of 


mental conditions. Thus, the stock eul- a temperature-resistant population of 
ture served as an enrichment eulture  organisms—algal, bacterial, and proto- 
for the organisms being studied. The zoan—as well as those concerned with 
net result was the maintenance of a_ the study of environmental factors and 
uniform population of the algal groups: with high density cultures, were made 
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in continuous automatic growth units 
(8) shown schematically in Figure 2. 
These units were designed so that ex- 
periments could be continued indefi- 
nitely, although a period of 10 days 
usually was more than adequate for the 
Six 
units were operated in parallel during 
experiment. Each unit 
equipped to maintain continuously a 


attainment of a ‘‘steady state.”’ 


each was 
preset detention period, temperature, 
period of light duration, degree of light 
intensity, and rate of gas flow. Pro- 
vision was made for varying strength 
and composition both of nutrient sew- 
age and of gas used for mixing and 
as a source of ¢ Oo 

Each experiment was initiated by 
liters of algal culture 
from the stock culture to an 11-1 pyrex 
bottle. 
strained through 
added to the 


suspension Was 


transferring 4 


Two liters of raw sewage, 
elass wool, were then 


The 


enriched 


culture resulting 


with urea 
0.3 g/l of suspension) and an aliquot 
poured into each of the growth units. 
The cultures were illuminated with a 

le lamp for a period of two days 


singte 


to permit the algae to become adjusted 


to the radiation of the fluorescent 
lamps. At the end of this period the 
light was increased or diminished ae- 


cording to the conditions of the experl- 


Feeding of cultures was not 
until the end of 


At that time they were subjected 


ment, 
initiated the second 
day. 
to the conditions of the experiment for 
a period varying from 8 to 10 days. 
Daily observations were made of algal 
population and of the packed volume 
of the 
Domestic sewage enriched with urea 
nutrient for the 
tures because such a mixture approxi- 


cultures 


was used as a eul- 


mates the medium which would exist 
in a closed environment. The proper 
coneentration of urea and the most 
suitable composition of the medium 


from the results of 


preliminary experiments. 


were determined 


The sewave 
first sterilized im an 


was autoclave ; 


and a solution of urea in distilled wa- 
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ter, sterilized by passage through a 
Seitz filter, was subsequently added. 
Urea nitrogen 
because it eliminated the problem of 
phosphate precipitation which accom- 
panies the use of ammonium phosphate, 
as well as the pH problem which char- 
acterizes media containing ammonium 
sulfate or nitrates. 


Was used as a source 


Waste Treatment Aspects 


Experiments involving the solid and 
liquid waste treatment aspects of the 
system were conducted with an inte- 
grated growth unit and activated 
sludge unit which are shown in Figure 
3. Except during feeding time, the 
system was closed to the surrounding 
air, and the gases inside the system 
were reeycled by pump, so that oxygen 
evolved during photosynthesis in the 
evrowth unit was passed through the 
activated sludge unit, while the carbon 
dioxide and ammonia released as a re- 
the 
vated sludge unit were passed through 
the growth unit. Thus, practically all 
of the gases required for oxidation and 
for photosynthetic activity 
tained as a result of the activity of 
organisms in the system. 


sult of bacterial activity in acti- 


were ob- 


The physical 
dimensions of the activated sludge and 
erowth units were comparable to those 
used in experiments on the effect of 
the environment, namely one-liter ca- 
pacity. The system was operated on 
a semi-continuous basis, in that culture 
liquid was removed and nutrient added 
once each day. 

The growth unit was illuminated by 
a battery of nine 30-w 
lamps having a combined energy flux 
of 117,150 cal/min/l. Temperature 
was maintained at 33 to 35°C in both 
the activated sludge and the growth 
Four lamps were kept burning 
continually, while five were turned off 
for a 3-hr period during each 24 hr 


fluorescent 


units. 


to bring about possible beneficial effects 

from 

riods of light and darkness (9) (10 
Efficiency as used herein is the over- 


resulting the alternation of pe 
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4. FEEDING PORT 
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9 GAS COLLECTOR 
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BROSEIT PUMP 

12. RECIPROCATING ARM 
13.GAS OUTLET 

14. ACTIVATED SLUDGE UNIT 


FIGURE 3.—Schematic diagram of the waste treatment unit. 


all light energy conversion efficiency ex- 
pressed as per cent. It is based on 
the ratio of chemical energy perma- 
nently fixed in the form of algal ma- 
terial each day to the visible light 
energy absorbed by the cultures during 
the day. Determinations of this over- 
all photosynthetic efficiency were made 
according to the procedure described 
by Oswald (8). 


Nutrient used in the waste treatment 


phase of the investigation was not 
sterilized. During early experiments, 
raw sewage obtained from the San 


Francisco Sunset Treatment Plant and 
enriched with 0.3 ¢/l of urea was 
used as nutrient for the growth unit. 
Later the amount of urea was increased 
to 0.6 2/|. The activated sludge unit 
received raw sewage enriched with 0.08 
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g/l (dry weight) raw sewage sludge. 
As the experiments progressed, how- 
ever, fresh urine was substituted for 
the urea and fresh feces for the raw 
sludge, in concentrations appropriate 
to the conditions of the experiment. 
The approximated that 
which might be expected under space- 
ship conditions, being obtained from 


feces used 


an individual subsisting on a relatively 
roughage-free diet in which fat, season- 
ing, and salt were kept at a minimum. 


Experimental Results 
Gas Exchange 


A detailed presentation of all of the 
experiments conducted as a part of the 
gas exchange phase of the study is not 
included in this paper. Only those 
results which have a direct bearing on 
in enclosed en- 
For experi- 
mental purposes environmental econdi- 
tions were varied within the following 
ranges: (a COs 


environmental control 
vironments are reported. 


from 
0.03 to 4 per cent; (b) detention pe- 
riod from 1 to 5 days; (ce periodicity 
(duration of light per 24-hr period 
10 to 80 per cent; (d) temperature, 
20 to 40°C; and (e) light intensity, 
1.6 to 28.6 cal/min/1. 

1. Efficiency. The efficiency with 
the transform light 
energy to new plant material is im- 
portant because the more efficient the 
algae, 


concentrat ion 


which aleal cells 


the less light energy required. 
The lowest average efficiency obtained 
during the experiments was 2.2 per 
cent. This oceurred when the environ- 
mental conditions of the eulture were: 
a) do, detention 
periodicity, 14.4 
temperature, 30°C; and 
(e) input light energy, 14.1 eal /min/1. 
The 
26.7 per cent, attained by inereasing 
the COs 


0.03 per eent: b) 
period, 
hr/day; (d 


3 days; (e 


highest efficiency observed was 


to 1 per cent and decreasing 


the detention period to one day. Most 


of the values for efficiency observed 
during the experiments were within 
the range of 11 to 15 per cent, 
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2. Hourly yield. When equilibrium 
is reached in a continuous culture, the 
average growth rate is a function of 
detention period and periodicity, which 
may be expressed by the equation 


G, = 
Dh 


in which G, is the growth rate in mg 
of algae produced per mg of algae in 
the culture, D is the detention period 
in days, and h is number of hours the 
culture is exposed to light per day. 
Inasmuch as the hourly yield is de- 
termined by the concentration of the 
culture and the hourly growth rate, 
the hourly vield 
either as 


may be expressed 


(4 


in which Y), is the hourly yield of algae 
in mg, C, is the concentration of the 
culture in mg/l, and G,, h, and D are 
as in Eq. 2. The upper practical level 
of the growth rate is limited by the 
minimum generation time of the organ- 
ism involved; which in turn, is deter- 
mined both by the genetic character- 
istics of the organism and by the en- 
vironment to which it is exposed. The 
coneentration of a eulture is largely 
a funetion of environmental factors. 
Henee, to obtain maximum hourly 
yields of algae, environmental factors 
must be such that a concentration ex- 
ists at the shortest detention period 
commensurate with the minimum ge- 
netie generation time of the organism 
involved. 

In the 
maximum 


present experiments, the 
concentration attained was 
1,454 mg/l at a growth rate of 2.4 per 
cent per hour; and the highest average 
growth rate was 7.6 per cent (genera- 
tion time, 13.1 hr) at an algal concen- 
tration of 316 mg/l. All of the experi- 
ments showed that the denser the eul- 
ture, the longer the required detention 


y 
shia — 3) 
Dh : 
or as 
Y, = ( UG, | ) 
: 
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TABLE I.—Characteristics of the Effluents from the Algal Growth Unit 


Feed* | BOD Dissolved Solids Coliformst 
Photo- | Hourly 
Deten- | Algal | syn. Growth 
tiont R ope Conc. | Effie. Rate | Re- 
Urea | Urine | (days) | Conc. | ail Volatile! Ash nad (mg/l) (per | (per | Total per | moval 
(2/1) | (ml) | | (mg/I) (mg/l) | (mg/l) ery cent) cent) 100 ml (per 
| cent) cent) | | cent) 
03 | — | 12 | 140] 88 | 209 | 155 | 59 |4,500| 1.7 | 0.37 
0.6 | — | 12 | 35) 97 | — | — | — - | ; 
| 5O 12 4.7 99 254 560 31 4,500 | 1.7 0.37 
50 | 6 5.1] 99 | 271 | 572 | 32 | 4,700) 3.1 | 0.76 | 24x 10% 99 
50 § | 99 211 549 27 4,200} 3.8 0.92 | 2.3 10% 99 
50 | 45 | 120] 99 | 323 | 592 | 35 [4,150] 44 | 1.05 12.9 x 105) 99 
| | | | 
* Additive is dissolved in or diluted with 1,200 ml fresh sewage. 
{ Detention period refers to the cells. 
t Influent MPN greater than 1.09. 
period. From the experimental data mum _ efficiencies and growth rates 


it may be safely coneluded that the 
lengthy detention periods (72 to 96 hr) 
required for maintaining high culture 
densities resulted from an inadequate 
supply of light to all of the cells be- 
cause of the culture unit design and 
the positioning of the lamps. By ap- 
propriate tube design and positioning 
of light source, concentrations as great 
as 5,000 to 6,000 mg/l might be main- 
tained at detention periods as short as 
12 to 24 hr. Elimination of the long 
detention periods for dense cultures is 
important where volume and weight re- 
quirements are strictly limited, because 
under such circumstances, highly con- 
centrated cultures functioning at maxi- 


TABLE II. 


Feed* BOD | 


Removal | 


(mg/1) } (per cent) (mg. 1) 
| 
0.9 8.0 99 | 
O.8 5.3 99 232 
0.75 5.4 99 197 
2.0 | 385.0 59 
1.2 29.0 96 | 202 
1.1 15 OS 
10 | 198 


Volatile 


would be needed. 


Waste Treatment and Reclamation 


A summary of the results obtained 
during the experiments on the solid 
and liquid waste treatment studies is 
given in Tables I, Il, III, and IV. 
In Tables I and II are listed the more 
pertinent data on effluent character- 
istics of the algal growth units and 
the activated sludge units. A partial 
nitrogen balance is given in Tables III 
and IV. Each of the given values rep- 
resents the average for a group of 3 
to 5 experiments. 

1. Performance. With one exception, 


as is indicated in Tables I and II, 


Characteristics of the Effluents from Activated Sludge Unit Operated on 
1-Day Detention Period 


Coliforms 


Dissolved Solids 


| 


| 
| 
| 


Removal 


Ash , Removal 
(me/1) Potal per 100 ml | per cent) 
| 
63 
Isl 61 
7.3 108 
101 82 2.4 108 
367 | 43108 99 
373 15x 108 | 


* Solids were suspended in one liter of fresh sewage. 


{ Dry weight. 


4 
Raw 
| 
| 
| 
| 
* 


SEWAGE 
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TABLE III. 
Feed* Influent 
Detention 
Period} 
Urea Urin y 7 


oOo athe 
50 2 53 380 
50 6 72 350 


50 


T Detention period refers to the algal cells 


the BOD of the effluent ranged from 
and BOD removal from 
per cent. The greater part 
of the dissolved solids of the effluents 
non-volatile 


5 to 29 me/I, 
96 to 99 
consisted of solids, inas- 
much as with one or two exceptions the 
volatile solids constituted only 27 to 
35 per cent of the total dissolved solids. 
The low BOD values as well as the 
high of the effluent 
indicate that ammonium salts and ear- 
bonates rather than unstable organi 
matter probably composed the greater 
part of the volatile dissolved solids. 
Algal concentration was not greatly 


ammonia content 


affected by a detention period beyond 
about 4 Experimental data 
showed an increase from 4,150 mg/] at 
a 4.5-day period to 4,500 mg/l at a 
12-day Other experiments 
demonstrated that the drop becomes in- 
when the detention 
period is reduced below 4.5 days, fall- 
ing to 3,200 mg/l at 4 days and to 2,000 
mg/l at 3.5 days. Thus, algal growth 


days. 


period. 


creasingly steep 


TABLE IV. 


Influent 
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* Additive is dissolved in or diluted with 1,200 ml fresh sewage. 


* Solids are suspended in one liter of sewage 
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Effluent | Nitrogen Removal 

N 


S4 8 | 91 | 336 79 
93 + 83 


rates of 0.0037 meg/hr/mg of algae 
(0.87 per cent) to 0.0105 me/hr (1.05 
per cent) were possible at concentra- 
tions of 4,000 to 4,500 mg/l. Although 
the per cent removal of coliforms was 
99 per cent, the actual number remain- 
ing in the effluents was high, ranging 
from 1.5 10° to 73 x 108 per 100 ml. 
The high value was obtained when the 
activated unit was overloaded 
with two grams of feces per liter of 
culture. 


sludge 


The sodium content of the liquid 
phase of the culture apparently was 
not affected by treatment, inasmuch 
as the sodium concentration of the in- 
fluent varied only from 95 to 122 
mg/l, as did that of the effluent. 

Because the concentration of the cul- 
ture made it impossible to determine 
the end-point in the titration procedure 
for the dissolved oxygen test, dissolved 
could not be 


oxygen determinations 


made with the effluent of the growth 
unit without treating it in such a man- 


Nitrogen Characteristics of the Cultures in the Activated Sludge Unit 


Effluent Nitrogen Removal 


Per Cent 


, | Total as 
Org N | of Total 
meet | (per cent) N 


12 
105 22 26 
57 11 S4 28 


87 


‘ 
0.3 12 37 58 | 16 51 | 58 : 
| 57 | 84 206 | 7A ; 
37 126 | 87 20 is 351 | 76 
Raw Total as 
Sewage Feces NHeN | Org-N 
Sludge mg/l) (mg/l) 
& 
0.75 52 58 
2.0 112 60 05 2 
Lz 65 31 iS 
1.0 62 24 OS 52 30 33 
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ner as to distort the true value of the 
dissolved oxygen. Consequently, deter- 
minations were limited to the effluent 
from the activated sludge unit. The 
range for dissolved oxygen was from 
4.8 to 5.5 mg/l. 

No routine determinations were 
made of the free oxygen and carbon 
dioxide in the system because the re- 
moval of the gas would have disrupted 
the gas balance within the system, and 
hence the degree of sewage conversion. 
However, occasional determinations 
showed that free oxygen was present 
in concentrations from 5 to 15 per 
cent; the lower value being observed 
within a few hours after feeding the 
system, and the higher value just prior 
to feeding. The COs content varied 
from less than 1 per cent just prior 
to feeding to as much as 6 per cent 
not long after feeding. This variation 
is to be expected in a unit which is 
fed only once a day, because the com- 
position of the gas is dependent on the 
metabolic activities of the organisms 
involved. 

One of the characteristics of the 
effluents was a yellow pigmentation of 
the liquid, although the liquid itself 
was sparkling clear. The pigment was 
easily removed with the addition of 
activated charcoal. After reactivation 
by drying, the charcoal could be used 
repeatedly. The actual amount of liq- 
uid which could be cleared with a 
given amount of charcoal was not de- 
termined, although as many as 30 
passes were made with one sample of 
charcoal without apparently diminish- 
ing the capacity of the sample to ab- 
sorb pigment. The pigment may also 
be removed by coagulation with heat 
and subsequent filtration with a bae- 
teriological filter. 

As might be expected with a single 
daily mass feeding of activated sludge 
with raw human wastes, the odor of 
feces and urine was quite strong during 
the first hour after feeding, but within 
2 or 3 hr, the fecal odor disappeared 
and was followed by a strong odor of 
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ammonia, which lasted 4 or 5~hr. 
Thereafter, the activated sludge cul- 
ture was characterized by the earthy 
odor indicative of the presence of 
actinomycetes. The algal culture itself 
was without detectable odor at any 
time. 

2. Nitrogen balance. The nitrogen 
balance of the integrated waste treat- 
ment unit is given in Tables III and 
IV. In considering the data on the 
ammonia content of the activated 
sludge and of the growth unit sections, 
it should be remembered that because 
ammonia is a volatile gas, it probably 
was carried from one section to the 
other with the COs and Oy, gases. In- 
asmuch as the pH of the cultures 
usually was between 7 and 7.5, only a 
small amount of the ammonia was tied 
up as ammonium salts, and henee, ex- 
cepting that used as nutrient, the gas 
was free to cireulate from one unit 
to the next. However, no increase in 
ammonia in the gas phase was noted. 

As is shown in Tables III and IV, 
from 838 to 92 per cent of the nitrogen 
in the influent to the growth unit see- 
tion was in the form of organic nitro- 


gen. The situation was reversed in the 
effluent. In this, organic nitrogen con- 


stituted from 9 to 22 per cent of the 
total nitrogen. The conversion of or- 
ganie nitrogen to ammonia nitrogen 
was accomplished by urea-decomposing 


bacteria which abound in fresh sew- 
age. As may be ascertained from the 


nature of the nitrogen balance, these 
bacteria broke down the urea com- 
ponent of the urine to produce am- 
monia and COs, which were then used 
as nutrient by the algae. This ideal 
combination of ammonia and earbon 
dioxide in urine probably is the ex- 
planation of the excellent growth of 
algae on sewage enriched with it. 
Organic nitrogen constituted only 32 
to 42 per cent of the influent to the 
activated section. The lower 
amount was due to the fact that most 
of the nitrogen in the influent to the 
activated sludge came from the sewage. 


sludge 
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Because of the time of flow in the sew- 
ers, most of the urea originally present 
in the sewage was already broken down 
to ammonia and carbon dioxide before 
collection at the clarifier. On the other 
hand, the nitrogen content of the feces 
was not sufficient to affect to any great 
extent the proportions of ammonia ni- 
trogen to organic nitrogen in the sew- 
age. 

The nitrogen content of the effluents 
was high, ranging from 68 to 152 mg/, 
although the removal of nitrogen 
ranged from 58 to 83 per cent in the 
erowth unit section, and from 26 to 
77 per cent in the activated sludge 
section. 

Discussion 

It has been demonstrated that fresh 
feces and urine can be fed directly to 
the integrated algal-bacterial unit 
without inhibiting the organisms in the 
cultures. This is important because it 
solves the problem of conversion of 
these wastes, which hitherto has been 
regarded as highly complex (11) (12). 
An essential condition, however, is that 
there be sufficient algae in the culture 
and that the reproduction rate of the 
algal culture be sufficient to use the 
ammonia nitrogen as rapidly as it is 
released, because ammonia in excess is 
toxie not only to bacteria but to algae 
as well. Because of this toxicity it is 
necessary to place an active algal cul- 
ture in series with an activated sludge 
culture, either by an interchange of 
vases, or by interchange of liquids, or 
by both when amounts of urine or fresh 
fecal matter in excess of that encoun- 
tered in normal sewage are fed to the 
activated sludge. Moreover, this tox- 
icity makes it imperative that the gas 
be kept cireulating constantly through 
the activated sludge rapidly enough to 
prevent extended contact with the or- 
ganisms in the unit. Another condi- 
tion is that the rate of growth of algae 
be sufficient to result in the release of 
the oxygen required to oxidize the 
waste material, Because of these con- 
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the amount of waste which 
can be treated by a given culture ulti- 
mately depends on the efficiency and 
growth rate of the algal culture. 


ditions, 


Practical Evaluation 


Hor the purpose of evaluating the 
experimental data in practical terms, 
consideration is given to the daily re- 
quirements of a man weighing 145 Ib 
and in good health. Sueh a man at 
rest or at very moderate activity, re- 
quires from 408 to 681 ¢@ of oxygen 
each day. Inasmuch as approximately 
1.6 g@ of oxygen are released with the 
synthesis of each gram of algal cell 
material, the algal culture would have 
to produce from 377 to 640 ¢ of new 
algal material each day in order to 
meet the requirements of one man and 
provide a 50 per cent reserve of oxy- 
gen for safety. If an algal-bacterial 
evrowth unit were designed and 
equipped to produce eultures having 
concentrations of 5,000 mg/l, as were 
developed during the experiments, and 
which could function at the 7.6-per 
cent growth rates characteristic of the 
less dense cultures (100 to 300 mg/1), 
the required algal eulture volume 
would be from 2.3 to 3.67 cu ft/man. 
In terms of weight this would be from 
143 to 229 lb/man. Beeause the re- 
spiratory quotient of a man on a high 
protein diet is of the order of 0.801, 
the same culture would more than meet 
the carbon dioxide absorption require- 
ment. The approximate total weight 
for culture and accessory equipment 
per man for oxygen production and 
earbon dioxide absorption might then 
be from 223 to 330 Ib, depending on 
the amount of oxygen consumed by 
the individual. Myers (5) has esti- 
mated that the space requirements 
would be about 80 cu ft for culture 
and accessory equipment for a 230- 
liter algal culture operating at a growth 
rate of 4 per cent per hour and an 
efficiency of 10 per cent and lamps 
with an efficiency of 19 per cent. Ap- 
plying his estimates to a culture of the 
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type mentioned above with algal con- 
centration of 5,000 mg/l, efficiency of 
15 per cent, and growth rate of 7.6 
per cent/hr, the space requirements for 
equipment could be reduced by more 
than 50 per cent and would then be 
only 20 to 35 cu ft/man. 


Gas Exchange 


In the calculations involving gas ex- 
change, extrapolations were used in ap- 
plying data obtained from the experi- 
ments, in that actual efficiencies and 
growth rates obtained in cultures of 
low densities were combined with the 
high concentrations characteristic of 
dense cultures. This combination is 
assumed because improved design in 
growth unit tubes and apparatus and 
the development of lamps with high 
intensity will unquestionably make 
such results possible. In the discussion 
of the waste treatment aspects, esti- 
mates are based both on the perform- 
ance of the system, in which the maxi- 
mum photosynthetic efficiency attained 
was 4 per cent, the highest hourly 
growth rate was 1.05 per cent, and 
the algal concentration was 4,000 mg/I, 
and on the extrapolated results from 
the same system but adjusted to a 15- 
per cent efficiency and 7-per cent 
erowth rate. 


Required Amounts of Algae 


Inasmuch as almost all of the BOD 
of the influent in the system was re- 
moved within 1 day, and the water 
requirement for a man is from 10 to 
14 gpd, the maximum estimated algal 
culture required to process all of an 
individual’s wastewaters each day will 
be 14 gal. However, treatment accom- 
plished in the experiments was brought 
about by a culture operating at a low 
efficiency, low growth rate, and fed in 
single daily doses. It is possible to 
establish conditions under which higher 
efficiencies and growth rates could be 
effected, and with continuous feeding, 
the detention period could probably be 
reduced to one-half day. Because the 
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same culture would be used both for 
gas excllange and for waste treatment, 
and the volume required for gas ex- 
change is a minimum of 17 gal, there 
would be no need to reduce detention 
time; and hence, the system for waste 
treatment even with its present limita- 
tions is more than adequate. 

A volume of 7.4 gal of algal culture 
would be adequate for processing the 
urinary excretions of one man. Inas- 
much as the urea and other organic 
constituents of the urine serve as the 
major source of nutrient for the algal 
culture, the same culture used for gas 
exchange will serve to treat the urinary 
wastes of the crew. The experiments 
demonstrated that for continuous or 
semi-continuous cultures, fresh urine 
surpasses all other known nitrogen 
sources in suitability for algal growth. 

The integrated activated sludge and 
algal growth unit with a total volume 
of 2 liters treated from 1 to 1.2 g of 
fecal solids (dry wt) per day. The 
average output of fecal matter by an 
individual is equivalent to 24 mg total 
solids (dry wt) per 2.20 lb of body 
weight per day (13). Although under 
space ship regimen, the special diet 
of the crew would probably result in 
limited fecal production, the average 
value of 24 mg per 2.20 Ib body 
weight was used in the following ealeu- 
lations. Accordingly, a 145-lb man 
will exerete about 26 g/day. The sys- 
tem at its present efficiency, therefore, 
would require about 6.8 gal of algal 
culture, and an equivalent volume of 
activated sludge, or a total weight of 
114 lb to handle the fecal wastes of 
one man. Increasing the efficiency of 
an algal culture to its potential of 15 
per cent and the growth rate to 7.6 per 
cent, and providing for better distribu- 
tion of gas throughout both sections, 
together with the expected reduction 
in fecal output per man, should reduce 
the volume and weight of the algal- 
activated sludge complex to at least 
one-fourth its present magnitude, or 
to a combined volume of 3.42 gal, or 
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28.5 lb for the entire unit. To this 
must be added some 20 Ib required 
and control facilities. 
This phase of waste treatment cannot 


be integrated with 


for equipment 


the gas exchange 
culture, because fecal solids should be 
introduced unit having only 

[t is true that fecal 
fed directly to algal 
cultures, and in fact would serve as an 
excellent nutrient, but the increased 
turbidity imparted to the algal cul- 
ture would reduce the penetration of 
light into the culture, and thus impair 
its efficiency as the acti- 
vated sludge method of treatment by 
its very nature depends on an adequate 
supply of oxygen, a certain portion of 
algal culture must be set aside solely 


into a 
activated sludge. 


matter can be 


Inasmuch 


for providing oxygen to and using 
carbon dioxide and ammonia from the 
activated sludge culture. Therefore, 


the volume and weight of algal and 
activated sludge culture required to 
treat the fecal wastes must be regarded 
addition to that needed 
for gas exchange and liquid wastes. 
This will not, however, 
90 g of algae per day 


as being in 


about 
less than 1/5 
that required by each man. 


exceed 


Coliform Removal 


Although 99 per cent of the coliforms 
the amount 
in the effluent was hich. 


remaining 
However, the 


were remoy ed, 


mere presence of coliforms, per se, 
does not make the effluent dangerous 
for adult human consumption. The 


coliforms are primarily indicators of 
fecal pollution, but they do indicate 
the need the water, 
which can be done either by heating 
briefly or by irradiation, either of 
which has been found to result in a 
100-per cent kill. The water of con- 
densation resulting from the contact of 
humid the the 
cold wall of the vehicle could be used 


for 


sterilizing 


air with surface of 


for drinking purposes. However, the 
possibility of intestinal-borne patho- 
gens will be slight in a space ship 
providing the crew was thoroughly 
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tested and inoculated against all dis- 


eases, and that ‘‘carriers’’ 


eluded. 


were ex- 


Pigmentation 


The pigmentation of the effluent is 
not believed to be harmful, per se. 
This has been demonstrated by experi- 
ments in which the liquid effluent was 
wiven to rats in place of fresh water 
without causing any apparent harm to 
the animals. The principal disad- 
vantage to its consumption by man 
appears to be psychological. Therefore, 
the water used for drinking purposes 
could be obtained from the ample sup- 
ply of condensate, as described earlier. 
The high nitrogen content of this liq- 
uid does not appear to be objectionable 
because the individual would either as- 
similate it, or it would pass through his 
digestive system. 


Salt 
A logical first conclusion was that 
because of the high salt content of 


the excretory products of the crew, 
salt would gradually accumulate in the 
system until the microorganisms either 
killed or the effluent 
rendered unpotable for humans. 
would not happen 


are water is 
This 
because the entire 
environment would be closed and com- 
pletely balanced. The salt intake of 
the crew comes only from the food they 
ingest and the water they drink. The 
food would be transformed into algae 
via the crew and the waste treatment 
system at the same rate at which the 
food the amount of 
food destroyed through eating would 
be exactly equivalent to the amount of 
Algae be- 


ing living organisms, require salt for 


is eaten, so that 


algae produced and stored. 


their metabolism and growth, and on 
the average, in about the same propor- 
tions found in the organie matter con- 
sumed by the crew. If under dire 
circumstances the crew consumed some 
of the the salt would then 
merely be recycled. The salt taken in 
from liquid will only equal that in the 


aleae, 
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drinking water of the erew, and inas- 
much as this is reeyeled, no salt would 
accumulate. If through some quirk 
of metabolism of one of the groups of 
organisms involved, the salt content of 
the liquid should be increased, the 
small amount required to keep the salt 
level constant, could be distilled, and 
the resultant salt placed in storage. 
Any such chance salt accumulation 
would necessarily be only a fraction of 
the total salt intake, and hence very 
minute, because the average total salt 
iutake per man is only about one-half 
ounce per day. 


Nitrogen Cycle 


As on earth, the nitrogen cycle in 
a space ship is of vital importance be- 
cause nitrogen must be reeycled to 
maintain the microbial populations in 
the environmental control system. An 
accurate nitrogen balance could not be 
made with the equipment used in the 
laboratory. During feeding and while 
centrifuging algae, nitrogen was lost to 
the surrounding air in the form of 
ammonia; and beeause daily analyses 
could not be made without unduly in- 
terfering with the conduct of the ex- 
periment, sufficient data were not 
obtained for arriving at a complete 
nitrogen balance. However, by extra- 
polating the results obtained in the 
experiments, it is possible to estimate 
the amount of algae which could have 
been grown on the nitrogen contained 
in the effluent resulting from treating 
a day’s output of waste from one man 
under the conditions of the experi- 
ment. On that basis, about 55 @ of algae 
(8 per cent nitrogen) could have been 
produced with the unused nitrogen. If 
the 34 ¢ of algae produced per day (1 
¢ of algae per day on 50 ml urine in 
the growth unit and the volatilized am 
monia nitrogen carried over from the 
activated sludge unit) were added, the 
potential vield would have been 89 ¢ 
of algae each day under the conditions 
of the experiment. However, the true 
potential is much higher. Assuming a 
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daily output of 12.14 ¢ of nitrogen per 
man per day (13), the true potential 
would be 152 ¢ of algae (8 per cent 
nitrogen). In addition to the loss of 
nitrogen, the difference in the two 
values also is accounted for by the 
variation in nitrogen output between 
individuals, as well as the daily varia- 
tion in the same individual. It is evi- 
dent, however, that since the cultures 
must remain in equilibrium some con- 
centration of nitrogen is essential. 
Even with the higher potential yield 
of algae, the amount of nitrogen con- 
tained in the wastes would not meet 
the nitrogen requirement of all of the 
algae needed in the waste treatment 
gas exchange system. As pointed out, 
gas exchange requires 255 to 425 ¢ of 
algae each day, as against the potential 
of 152 g. The gap ean be bridged in 
one of two ways or by a combination 
of the two. Aleae can be eultivated 
in such a manner as to reduce their 
nitrogen content by extending the de- 
tention period or by retarding the 
vrowth rate. Such a change would not 
be desirable, however, because short 
detention periods and high growth rates 
are necessary for producing algae hav- 
ing the efficiency and growth rate re- 
quired. The other solution is to feed 
the crew a high-protein diet. Because 
the nitrogen output by an individual 
approximates that of his intake, the 
protein content of the crew’s diet 
would have to be increased from the 
usual 12 per cent to about 35 to 40 per 
cent. In other words, the nitrogen con- 
tent of the dietary intake of the crew 
should equal that of the algae. Some 
of this nitrogen intake could be met by 
recycling a portion of the algae through 
the crew, /.e., having the algae serve as 
part of the crew's diet. If such a high 
protein diet should prove unfeasible be- 
cause of considerations of health, then 
part of the nitrogen requirements of 
the algae could be met by carrying a 
supply of urea or nitrate sufficient to 
fill the need. It is possible that some 
optimum balance could be found be- 
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tween detention period and nitrogen in 
the crew’s diet. <A study of this im- 
portant factor would require pilot plant 
experiments in which the various com- 
binations would be tried on crews ac- 
tually living in a simulated station. 


Comparison of Systems 


For the sake of comparison between 
the relative weight requirements of a 
biological system of complete control of 
the environment with those for a chemi- 
cal-mechanical control of 
only the gaseous environment, an ar- 
bitrary length of travel of three weeks 
The calculations for the 
biological system are based on the po- 


system of 


is selected. 


tentials demonstrated in the present 
experiments; and those for the chemi- 


cal-mechanical method, on specifica- 
tions at present available. The total 
weight per man of culture (bacterial 


and algal) and equipment for the bio- 
logical system will be from 304 to 411 
lb depending on the O, consumption of 
the individual (223 to 330 lb for gas 
exchange, 48 lb for fecal treatment, 
and 33 for bacterial needs). As- 
suming the same rate of oxygen con- 
sumption, the weight of the gas supply, 
absorbent, and containers and equip- 
ment for gas exchange alone by a chem- 
ical-mechanical system weuld be from 
333 to 487 lb/man. 


Other Problems 


Many basie problems remain to be 
solved before the biological control of 
enclosed environments can be applied 
The answer to some of 
the problems will be gained with fur- 
ther development of present-day tech- 
nology, will require radically 
different approaches. An example of 
the former is the provision of power 
for operating the plant, both with re- 
spect to movement of liquids and the 
supply of the required light energy. 
It appears that solar energy may be an 


to space ships. 


others 


adequate source of power for perma- 
nant stations established within a belt 
from 60 to 140 million miles from the 
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sun, a zone which encompasses the or- 
bits of Venus, Earth, and Mars. But 
for trips to the major planets and be- 
yond the solar system it will be es- 
sential to supply energy by means of 
an atomic reactor. If an atomic re- 
actor is used, from 10 to 15 g of fuel 
will be required per year per man to 
supply the energy 
biological 


requirements of a 
system (1). The 
weight of shielding presumably need 


control 


not be large because the power system 
would be attached at a distance away 
from the ship. In a solar-powered sta- 
tion, collecting surfaces for solar bat- 
would be distributed over or 
made a part of the exterior of the ves- 
sel itself and on projecting fins. In 
general, the required volume of the 
vehicles will be large enough to pro- 
vide sufficient surface maxi- 
mum of 15 sq m/man) for adequate 
of the algal culture to the 
sun, inasmuch as the algae would be 
grown in the peripheral zone of the 
vehicle. In atomie powered ships, the 
surface area per man in both power and 
culture surface would be about 10 sq 


m or less. 


teries 


area (a 


exposure 


Data on liquid-gas transfer 
in such systems is of vital concern and 
may be the factor which will determine 
the culture area. The design of win- 
dows to admit solar energy to the algal 
the movement of 
and liquids in a weightless environ- 
ment are vital parts of future research. 
But at present, the major 
appears to be placing and 
the enclosed environment in its orbit. 
Once there and fabricated and popu- 
lated with adequate numbers of organ- 


cultures, and 


vases 


problem 
locating 


isms, there is no obvious reason why 
the biological system of environmental 
control should not function as long as 


it is protected from damage or from 
lethal radiation. 
Summary and Conclusions 
A survey of the chemieal and me- 


chanical, and biological means of en- 
vironmental control was made, and the 
advantages and disadvantages of each 
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were indicated. A chemical-mechanical 
process of control is characterized by 
ease. of regulation and manipulation, 
as well as compactness. On the other 
hand, the cyclic nature of the biologi- 
cal system results in greater savings in 
weight and volume on extended trips 
or in space stations. 

As a part of the experiments, strains 
of organisms, algal and bacterial, were 
developed which could thrive equally 
well at temperatures ranging from 20 
to 40°C, could withstand temperatures 
as high as 48 to 50°C for periods of 1 
to 3 hr without injury, and also were 


not affected adversely by sudden 
changes in temperature within the 


range 20 to 45°C. 

Efficiencies attained in the studies on 
gas exchange ranged from 2.2 to 26.7 
per cent, with the average varying 
from 11 to 15 per cent. Hourly growth 
rates varied from 1.3 to 7.6 per cent. 
If the efficiency of 15 per cent and 
hourly growth rate of 7 per cent rou- 
tinely obtained with algal cultures hav- 
ing a concentration of 300 mg/1 could 
be combined with a culture having a 
concentration of 5,000 mg/l, the total 
space and weight requirements for eul- 
ture, equipment, and power plant to 
supply the gas exchange needs of 1 
man would be from 223 to 330 Ib, de- 
pending on the oxygen consumed. 

Two types of detention period were 
used in the waste treatment study, a 
1-day period for the liquid phase and 
a 4.5- to 12-day period for the algal 
cells. BOD removal was almost com- 
plete within a 24-hr period despite 
BOD values of influent as high as 1,200 
mg/l. The BOD of the effluents varied 
from 3.5 to 29 mg/l, with the majority 
at less than 10 mg/l. At photosyn- 
thetic efficiencies from 1.7 to 4.4 per 
cent and growth rates of 0.37 to 1.05 
per cent per hour, 1 to 1.2 g of fecal 
solids (dry wt) and 50 to 60 ml urine 
per 2 liters of culture (1 liter of algal 
culture and 1 liter of activated sludge 
culture) were processed each day. Op- 
erating the system under conditions at 
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which an efficiency of 15 per cent and 
hourly growth rate of 7 per cent could 
be obtained, and providing for effective 
distribution of gas through the units, 
would reduce the volume and weight 
requirements of the cultures required 
for treatment of fecal matter of one 
man to a maximum of 3.42 gal or 28.5 
lb, and the entire fecal treatment unit 
(culture and apparatus) would then 
weigh about 18 lb/man. The same 
culture used for gas exchange would 
be used for treating all wastes other 
than feeal, and hence no additional 
culture would be needed for them. 

The total weight of the constituents 
of a biological system of environmental 
control required for a 3-wk voyage or 
sojourn would be from 304 to 411 Ib. 
This estimate includes the entire 
weight required for both gas exchange 
and waste treatment, @.e., complete en- 
vironmental control. 
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FLORIDA OPERATORS RECEIVE AWARDS 


At the 27th Annual Water and Sewage Treatment Plant Operators 
Short School, held in June at the University of Florida, David B. Lee, 
Director of the Bureau of Sanitary Engineering, Florida State Board 
of Health, is shown at left with the sewage treatment plant operators an- 
nual award winners for the best operated treatment plants in the State 
for the year 1958-59. 

Awardees, from left, are: Sam P. Robinson, Lake Wales (trickling 
filter plant serving less than 10,000); Dries Vandenburg, Clearwater 
(activated sludge plant serving less than 10,000) ; C. M. Courson, Tampa 
( best operated plant any class): W. C. Tims, Coral Gables (activated 
sludge plant serving more than 10,000); Perry A. Cessna, Bradenton 
(trickling filter plant serving more than 10,000); and Thomas E. 
Wagoner, Albert Whitted Plant, St. Petersburg (primary plant serving 
more than 10,000). 
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BETTER PUBLIC RELATIONS IN WASTE HANDLING 
PROGRAMS * 


By C. MONTGOMERY -JOHNSON 


Washington Manager of Public Affairs, Weyerhaeuser Co., Tacoma, Wash. 


It has been said that the attainment 
of clean water is the highest form of 
civic excellence and its achievement 
should be every community’s number 
one project. Realization of this ob- 
jective demands a high degree of 
technical competence and skill on the 
part of all who are actively engaged 
in the sewage and industrial wastes 
field. In addition to the technical 
know-how required to solve increas- 
ingly complex waste disposal problems, 
however, another skill is needed. This 
in the skill of achieving effective com- 
munication with the public. 

The public is in a unique position. 
It has itself created the waste prob- 
lem and, at the same time, it holds the 
ultimate power required to solve it. 
If it remains indifferent to a problem, 
that problem is likely to remain un- 
solved. The American publie tends 
to be tolerant, patient, and obsessed 
almost fanatically—with a sense of fair 
play. But its patience is not without 
bounds, its tolerance is not endless, and 
its sense of fair play does have limits. 
When the American public becomes 
aroused to the fact that a particular 
situation is bad and apt to get worse 
unless something is done about it, then 
aggressive action is likely to result 
in the polling booth, in legislative 
chambers, in the town hall, or in the 
market place. Aroused public opinion 
becomes an irresistible foree able to 
move even immovable objects. 

In the face of aroused public, a sus- 
pected offender will do well to have 
mustered all facts of the matter in ad- 


* Presented at the 25th Annual Meeting 
of the Pacifie Northwest Sewage and Indus- 
trial Wastes Spokane, Wash.; Sept. 


1958. 
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vance and make them generally under- 
stood. Too often too many people have 
tried to explain too little of their case 
too late. On the other hand, too often 
too little attention has been given to the 
important matter of rallying the po- 
tent force of public opinion in the sup- 
port of unquestionably desirable com- 
munity projects. 

In the Pacifie Northwest, people are 
especially sensitive about anything 
that affects their natural environment. 
They are beginning to experience, in 


many communities, the population 
pains long known to the East and 
metropolitan Midwest. With inereas- 


ing frequency, they are becoming 
aware of their wastes. Although pol- 
lution problems are not yet comparable 
to those encountered in more heavily 
populated areas—nor apt to become so 

people are becoming disturbed. 
Many of them realize that there is a 
problem and sense that it may become 
serious. But too often they do not 
really understand the problem itself. 
This is most serious. When commu- 
nity problems are understood, they are 
usually solved. Conversely, when they 
are not understood, they are usually 
bungled. 


Public Relations in Education 

Those who are interested in attain- 
ing the objective of clean streams and 
shorelines will recognize that they can 
learn to work more effectively in this 
area by studying the experiences of 
those who have been working to achieve 
other important community improve- 
ments over a long period of time. The 
experiences of those who have worked 
to provide better educational facilities 
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for the youth of the nation are well 
worth study from this point of view. 

Scores of communities in the State 
of Washington annually hold levy and 
bond elections to make capital outlays 
In 1953 
a study of school election campaigns 
was made to determine their pattern 
In the 101 dis- 
found that 
every two that were 
Ilundreds of involved eiti- 
zens in these districts were interviewed 
in an attempt to analyze causes for the 
outcome in each instance. The study 
resulted in the following conclusions 
being drawn: 


and meet operating expenses. 


of suecess or failure. 
tricts studied, it 
failed 


successful. 


was one 


issue for 


1. Community groups must be kept 
informed throughout the year. It is 
unrealistic to gloss over long periods 
of no information, misinformation, or 
community unrest with several weeks 
of ‘‘sweet talk’’ campaigning, and 
expect to find general public support. 


2. Districts which conducted maxi- 
mum Campaigns (campaigns where 


virtually every known means of. in- 
forming the public were employed) 
stood better than four chances in five 
of gaining publie acceptance. Con- 
versely, districts in which minimum 
campaigns were conducted to inform 
voters had at least a 60 per cent 
chance for failure. 


Public Relations in Pulp Industry 


Examination of the public relations 
experiences of the pulp industry in 
the Pacifie Northwest reveals a similar 
pattern. ‘The first pulp mill was set 
up in Washington nearly a century 
ago and the industry has sinee grown 
to such an extent that this state now 
outstrips all other American states in 
pulp production, and all except four 
nations. Its employees annually earn 
$75 million in and 
Local derive $7 
from it each year in taxes. 
worth $450 million annually 
shipped from its mills. Its operations 
daily require the use of millions of 


salaries. 
million 
Products 


wages 


rovernments 


are 
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gallons of practically pure water 
which, after filtering and use, is re- 
used and treated before being returned 
to local receiving waters. To increase 
protection of other uses to which local 
receiving waters are put, the industry 
has made extensive plant modifications 
and a quiet investment of millions in 
research. It has made improvements 
in process methods and practices, some 
of which were for years thought im- 
possible or totally impractical, that 
have significantly reduced the loss of 
chemicals and organic matter in its 
effluents. The pulp industry has made 
much progress in this field. Its re- 
search assures even more. 

While the above facts are generally 
known by those who are engaged in 
the field of industrial wastes disposal, 
they are not generally known by the 
public. The pulp industry has his. 
torically been reluctant to turn the 
spotlight on itself, even on its growing 
contributions to the loeal economy or 
on its achievements in both wood and 
water conservation. It elected to wait 
until its researeh scientists and engi- 
neers had found all, or at least more, 
of the water-quality control answers. 
Sincere purpose and logical reasoning 
notwithstanding, this proved to be a 
mistake for, while industry remained 
silent, others did not. The resulting 
publicity, while mostly motivated by 
honest concern and well-meaning in- 
tention, has often been grossly inae- 
curate, distorted, and sometimes dam- 
aging. 

In Washington and Oregon nearly 
two years ago, the pulp industry set 
out in its publie relations policy to 
rectify these shortcomings in publie 
understanding. It formed the North- 
west Pulp and Paper Association, 
through which it has not only eoordi- 
nated research efforts on water quality 
control, but has also begun to talk. It 
has not talked especially about its im- 


portance to local economy or the num- 
ber of people it steadily employs, but 
rather about such matters as chemical 
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treatment, the barging and the burn- 
ing of its wastes, heat and chemical 
recovery, by-product research, and re- 
source conservation and water quality 
control. By these means it hopes to 
establish its role for the first time 
in accurate context in the public’s 
mind. 


Public Relations Principles 


In general, the solution to a com- 
munity problem has three distinct 
phases : 


1. Awareness of the problem; that 
is, seeing a need to do something. 

2. Assessing the alternatives and de- 
termining a feasible solution. 

3. Achieving publie understanding 
that sparks intelligent action. 


First, the need; second, the solution; 
third, the understanding. 


Seattle’s Disposal Problems 


The city of Seattle has been going 
through these phases in recent years 
with respect to the disposal of domestic 
wastes in city and suburbs. Over a 
period of years, it became increasingly 
evident that it was giving insufficient 
attention to the treatment and disper- 
sion of its domestic sewage. Raw, un- 
treated sewage deposits accumulated 
in the river. Algae growth exploded. 
Swimming areas closed. Real estate 
developments slackened. Seattle rated 
sixth nationally on the ‘‘most polluted 
area’’ list. Phase one, ‘‘Seeing A 
Need To Do Something,’’ had been 
realized. 

Three years ago the Washington 
Pollution Control Commission  pro- 
posed that the solution involved forma- 
tion of a metropolitan sewer authority, 
extending over county and city bound- 
aries. It was observed by the Com- 
mission that such a plan at that time 
probably sounded idealistie but that 
perhaps idealism was required to solve 
this important problem. The Commis- 
sion further counseled that local people 
could help in the solution of the 
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problems by making it a point to un- 
derstand them and then to talk them 
over in their civie groups and with 
others in the area. 

This was three years ago. Subse- 
quently, city engineers and consulting 
engineers methodically assessed the 
situation. A solution was sought and 
found. Plans were drawn. Phase two, 
‘*Assessing The Alternatives And De- 
termining A Feasible Solution,’’ was 
achieved. 

After a brief flurry of publicity de- 
scribing engineers’ recommendations, 
‘*The Metropolitan Plan,’’ authorizing 
establishment of a council to engage in 
activities ranging from pollution econ- 
trol to comprehensive planning to mass 
transportation, was submitted to voters 
last March. This plan, frankly com- 
plex, was not thoroughly understood 
by voters in all affected areas and the 
voters rejected it. 

But the plan itself was then simpli- 
fied. Educational efforts continued. 
Information programs were accele- 
rated by The Seattle-King County 
Municipal League, League of Women 
Voters, both major county political 
parties, a host of governmental and 
semi-governmental agencies, and oth- 
ers. Major daily newspapers partici- 
pated and contributed much in terms 
of detailing the problem, explaining 
“‘The Plan,’’ answering questions, and 
suggesting the consequences. 

During the heat of a truly hot sum- 
mer, another blow for understanding 
was struck when the Seattle-King 
County Health Department closed a 
number of sewage-saturated beaches, 
blacklisted a host of others, and de- 
scribed in graphie terms the high de- 
gree of contamination prevalent even 
in alleged ‘‘safe’’ swimming areas. 

In September of 1958, general pub- 
lic understanding of the whole matter 
was recorded at the polls. Voters over- 
whelmingly agreed to launch ‘‘The 
Plan’’ aimed at cleaning up water and 
ground contamination in the greater 
Seattle area. Phase three, ‘‘Publie Un- 
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derstanding That Sparks Intelligent 
Action,’’ had been achieved. 


Are Public Relations and 
Wastes Miscible? 

Are public 
miscible? 
mixed? Of 
fact, the 
not mixed 


relations and wastes 
they capable of being 
course. As a matter of 
that, if they are 
the problems involved in 
dispersing the wastes are not so apt 


truth is 


to be satisfactorily solved. For, in the 


case of municipal, county, and state 
agencies responsible for waste removal 
or waste control, it is made painfully 
aware at times that appropriation of 
adequate public funds usually comes 
only after public understanding has 
And, in the 


private industry, there is also growing 


been achieved. case of 
realization that, unless industry sup- 
plies the technical and economic facts 
on its waste dispersal activities and 
will be hurt. 
In considering the dispersing and dis- 


achievements, industry 
posing of both domestie and industrial 
wastes, fact remains the same. 
These cannot be hidden. No 
magician ’s wand can whisk them away 
and people must never be misled into 
thinking that they can. 

Since 


one 


wastes 


this is so, 
that it is so. There is no 
then, but to talk about 
talk about the multiple 


the public must 
understand 
alternative, 


these wastes: 


beneficial uses of water, ineluding 
proper and adequate waste dilution 
and dispersion; talk about the faet 


that states have determined regionally 


the multiplicity of water and 


uses 
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standards to protect those uses; and 


talk about the monitoring programs 
which both regulatory agencies and 


dischargers themselves have designed 
to protect local receiving waters. 
‘*Publie Relations’’ is a term which 
is sometimes used loosely to describe 
a variety of activities which are the 
antithesis of the kind of public rela- 
tions required to meet the needs of 
the present situation with respect to 
It should not be used 
propaganda or ‘‘smart’’ 
Neither is it the right term 
for the ease-building documentations, 
deliberately ignoring part of the facts, 


waste disposal. 
to deseribe 


publicity. 


which have occasionally been used by 
public agencies to justify expanded 
budgets and authority. It is an equally 
poor term to employ in describing the 
half-truths 
which have sometimes been launched in 


slick eampaigns built on 


desperation by private groups to pre- 
vent the imposition of justifiable cor- 
rective regulations. Public relations 
of the kind and character that are 
needed here are of the long-term, con- 
tinuous type which grows out of the 
honest desire to provide people with the 
facts which they need to 
have in order to govern themselves in- 
telligently. It should also be a public 
relation program of sufficient stature to 
Individual 
and corporate members of the commu- 


necessary 


acknowledge past mistakes. 
nity share in this kind of public re- 
lations responsibility, and when they 
face up to this responsibility squarely, 
waste problems will be disposed of con- 
structively and permanently. 
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AN INVESTIGATION OF THE MECHANISMS OF 
CONTROLLED FILTRATION * 


By T. INGRAM 


Adjunct Professor, New York University, College of Engineering, New York, N. Y. 


Editor’s Note—In FSIWA Manual ofjPractice No. 6, “Units of Expres- 


sion for Wastes and Waste Treatment” (1958), the following trickling filter 


units are recommended: 


Conversion 


Unit Replaced Factor Recommended Unit 
Million gallons per acre per day X23 9 = Gallons per day per square foot 
Gallons per 1,000 square feet x 0.001 = Gallons per day per square foot 
per day 
Pounds BOD per acre foot per < 0.023 = Pounds BOD per day per 1,000 
day cubic feet 
Pounds BOD per cubic yard xX 37 = Pounds BOD per day per 1,000 
per day cubie feet 


units to the reeommended units. 
mended units. 


This investigation is an expansion of 
previous studies (1) of the funda- 
mentals of controlled sewage filtration 
in which it was established that: 


1. First section performance of con- 
trolled filters is comparable with the 
performance of high-rate filters and 
thereafter there are basic differences. 

2. No upper limiting relationship of 
removal of the BOD to either organic 
load or hydraulic load is evident. 

3. The controls of sewage applica- 
tion, air application, and temperature 
influence successful treatment at high 
rates and the provision of a favorable 
habitat for filter biota. 

4. A combination of continuous and 
constant flow produce the best filter 
performanee. 


* Presented at the 1959 Annual Meeting, 
New York Sewage and Industrial Wastes 
Assn.; New York, N. Y.; Jan. 22-23, 1959. 


These units are offered for those readers who wish to convert the author's 
The Journal has accepted the recom- 
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5. The filter loading ratio provides 
a simple basis for computing the filter 
size, since it is an expression of sewage 
strength in terms involving depth of 
filter, area of filter, quantity of sewage, 
and weight of BOD. 


The present study has been directed 
to further investigations under a series 
of controlled conditions of sewage ap- 
plication, air flow, and temperature in 
an effort to establish : 


1. Basic reasons for the efficiency of 
deep filter performance. 

2. The nature of organisms living in 
the filter and their relationship, if any, 
to the progressive improvement of the 
waste within the filter. 

3. The hydraulic and organie load- 
ing application limitations of the filter 
and the reasons for failure beyond the 
limits observed. 

4. The theoretical differences — be- 
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STRUCTURE SUPPORTS 
EACH FILTER SECTION 
SEPARATELY 


FILTER SEALED 
EXCEPT AT TOP 


PROVISION FOR LIQUID 
INLET AND OUTLET 
AND AIR INLET AT 
EACH SECTION 


FILTER MEDIA IN 
EACH SECTION 


AIR SUPPLIED TO 
BOTTOM OF EACH 
SECTION 


RECIRCULATION 
SUMP 


PRIMARY 
SETTLING PUMP SUMP 


tween the behavior of reported existing 
filters and a controlled deep filter as 
observed in the proposed investigations. 
Formulations expressing the be- 
havior of controlled deep filters. 


The material presented here may be 
considered as a progress report on fil- 
tration through deep filters. 

Description of Filter 

The deep filter unit is composed of 

six sections, each having a depth of 


FIGURE 1.—Schematic diagram of equipment used in two-filter experimental unit. 


FINAL SETTLING 


3 ft and a diameter of 12 in. It is 
built as a single column and is a closed 
unit from top to bottom, except that 
access is provided under controlled 
conditions for admission of sewage and 
air. The unit has been so constructed 
that settled sewage can be applied to 
the top of Sections 1, 2, and 3. Room 
air is admitted to the bottom of each 
section in predetermined and controlled 
amount. Temperatures were approxi- 
mately 70 to 75°F. 
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TABLE I. 


Flow 4 Air Appl. 
Appl. 
Rate Rate 


(gpm) | 


un | Duration 


(days) 


Rate 
| (mgd /acre) (efm) 


| 22 


199.7 
159.8 
19 159.8 


9 159.8 
10 159.8 


2.0t 
2.0 
2.0 


2.0 
2.0 
4.0 


365t 159.8 2.0 1.0 


EXPERIMENTAL FILTERS 


~Test Conditions for ee Runs with First Filter* 


Distribution of Air 


| 
| 
| 
| Uniform all sections 
Increased to first 2 sections, reduced to others 
26 and 35 per cent to first and second sections, 
less than 10 per cent to each of others 
| To each of the six sections in per cent as 
follows: 22.2, 37, 11.1, 11.1, and 7.5 
| To each of the six sections in per cent as 
| follows: 29, 30, 12.5 to each of 3 through 6 
| Same as Run 5 
| Redistributed in Sections 3, 4, and 5 
| To each of the six sections in per cent as 
follows: 32.5, 17.0, and 12.5 to each of 3 


through 6 
| Same as Run 8 


* Sewage temperature ranged from 16 to 29°C, and averaged 19.6°C. 
+ Sewage flow intermittent and supplemented many times with water in order to keep the 


filter wet. 
t Approximately. 


A second column identical to the first 
permits great flexibility in the experi- 
mental work. Settled sewage may be 
applied directly to any one of the 
upper three sections of either column. 
Likewise, effluent from the first filter 
may be applied to any one of the upper 
three sections of the second filter. 
Effluent from either filter can be re- 
turned to the top of the first filter 
independent of the settled sewage ap- 
plication. Effluent from either column 
can be mixed with settled sewage and 
the mixture applied in the same man- 
ner as the settled sewage to either 
column. The diagrammatie layout of 
the system is shown in Figure 1. 

The several sections of the filter are 
filled with stone of nominal 2-in. diam- 
Each section is independently 
supported on a plate and the load is 
transferred to columns and thence to 
the foundation. While the liquid flow 
is continuously downward there are 
spaces between the stone bed at each 
section. This arrangement makes it 
easier to admit sewage and air to the 
column. It is also possible to study 
the filter liquid delivered from each 
section as a discreet portion of the 


eter. 


total column. The bottom of the filter 
is trapped so that all air admitted must 
pass upward and out the top of the 
filter column. 


Test Runs 


Runs 1-1 through 1-8 were carried 
out on the first filter. Test specifica- 
tions are shown in Table I. Filter con- 
ditioning was accomplished in Run 1-1. 
Run 1-9 was carried out for the longer 
period. 

The second filter was placed in op- 
eration in January 1958. During 
these runs the relationship of air flow 
to applied sewage was maintained at 
2 efm/gal. Identical sewage was ap- 
plied to both filters so that results 
from Run 1-9 could be used as a base 
line for examining changes oceurring 
because of the variations on the second 
filter. 

The variations among Runs 2-1 
through 2—5 are shown in Table II. 

In October 1958, the pumping and 
screening arrangement was changed to 
obtain a stronger sewage. The operat- 
ing conditions for Runs 1-10 and 2-6 
remained unchanged from Runs 1—9 
and 2-5, except for the change in sew- 
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isos | 20 | 20 
1-2 | 48 | 159.8 2.0 2.0 pe 
1-3 22 | 239.6 | 30 3.0 
1-4 | | 25 | 25-27 
1-5 | | 20 | 20 
1-6 | 
1-8 | 

| 


TABLE II.-Test Conditions for Five Runs 


with the Second Filter 


D Flow Sewage Air Sewage 

Rate | Appl Appl Temp 

med Rate Rate Range 

says acre fm) (°C) 

2-1 794 l 2 15-20 
2-2 22 159.8 2 15-21 
2-3 3S 100.7 2.5 5 13-21 
2-4 52 239.6 3.0 6 18-22 
2-5 73 269.0 3.5 7 21-30 


ave characteristics. The sewage tem- 
for November-De- 
cember 1958 was 16 to 24°C. 

Study of filter biota started in the 
spring of 1957, was expanded in the 
fall, and is continuing through 1958 


og. 


perature range 


A plastic bead filter comprising 
3/16-diam X 14-in. pellets was set up 
in a 114-in. diameter column, 2.5-ft 


August 1957. This 
separate filter used to study media and 
Filter ef- 
fluent was trapped in a small holding 
tank 


deep in was a 


effects on sedimentation. 
about three minutes de- 
the filter effluent was 
pumped from the tank to the bead filter 
at the same flow rate as that of the 
main filter (159.8 mgd/acre). The 
plastie tended to float and also seemed 
to erode, and November 1957, the 
plastic bed was replaced with a bed 
of 14-in, Later this 
filter was changed to a 3-in. diameter 
column with 2-in. diameter rock. 
Laboratory analyses follow a weekly 
schedule except for interruptions due 


having 


tention and 


in 


diameter gravel. 


TABLE III. 


Raw sewage 
Settled sewage 
Filter effluent 


Daily Filter effluent 
Weekly Filter profile by sections 
Ovessiona! Filter effluent 


Filter effluent 
Secondary filter effluent 


Filter section il profile 
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to week ends, holidays, repair work, 
and temporary suspension of filter op- 
erations. The basie schedule is shown 
in Table IIT. 


Discussion of Results 
Top and Step Feeding 


Much of the first year was given to 
the exploration of conditions which 
might be limiting. In previous work 
(1) the flow to top of Section 1 was 
carried to 199.8 mgd/acre on one run 
lasting 10 days, during which the aver- 
age efficiency of BOD removal was 76 
per cent with an organie loading of 
6,830 Ib/day/acre-ft. The filter had 
been operating on a three-stage applica- 
tion at the same total flow rate prior to 
this that variation 
was point of application of sewage. 

During 1956 
period, the top loading was boosted 
to 239.6 mgd /acre (Run 1-3 Within 
of BOD removal be- 
Back pressure began to 


99 


run, SO the only 
57 following the ripen- 
inw 


a week efficiency 
van to drop 
develop in the filter and over a 
day span it became obvious that with 
the volume of air that could be put into 
the filter under the existing conditions, 
it would be impossible to carry that 
rate of flow on a top feeding basis. 

The flow was reduced to 199.7 mgd/ 
(Run 1-4) with 2.5 to 2.7 cfm of 
air and no recovery was observed. Run 


1-4 


cCeSSIVe 


acre 


was terminated when on two sue- 
profiles zero dissolved oxygen 
conditions throughout the column were 
recorded. These conditions continued 


| DO, BOD, pH, MO alkalinity, 5S 


Settleable solids 

DO, BOD, pH, MO alkalinity, TS, SS, VS, NOs, 
NOs, and qualitative mieroscopie examination 

Relative 


stability 


yur imples for settleable solids 


titative 


ind group identification of biota 
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% BOD Removal 


2-60 


FICIENCY 


4 5 6 7 
BOD 


Applied Load per Acre 


9 10 6&6 
1000 Ib 
Foot 


per Day 


FIGURE 2.—Comparison of filter performance with data from NRC Report. 


for another 10 days after the flow had 
been reduced to 159.7 mgd/acre. Then 
a slow recovery followed. However, it 
was more than 30 days before the filter 
efficiency approached that found in the 
previous studies. 

Table IV summarizes the DO, filter 
loading, and BOD removal for Runs 
1-7, 1-8, 1-9, 1-10a, and 1-10b on 
the first filter, and Runs 2-1 through 
2-6 on the second filter. Runs 1—92-1 
through 1—92-5 were portions of Run 
1-9 coinciding with runs of second 
filter; z.e., 1-9 for period of 2-1 is 
1—92-1. It has been observed that the 
hydraulic flow rate was not the limiting 
factor. Rather, the studies now sug- 
gest strongly that the relationship be- 
tween oxygen supply and BOD loading 
is of greater importance. <A visual 
observation reveals that BOD removal 
is at about the same efficiency with the 
same loading regardless of whether the 
loading is accomplished by a_ higher 
flow rate of weaker sewage or a lower 
flow rate of stronger sewage. 

Even though sharply defined limits 
in the ability of the filter to remove 


BOD have been sought, they have not 


yet been found. The results to date do 
not justify a conclusion that there is 
even a well-defined curve of removal 
efficiency with respect to loading. Fig- 
ure 2 shows results of a series of 13 
runs from earlier studies (1) together 
with results of runs on both filters in 
the present series. Runs 1 through 6 of 
the early work were top feeding opera- 
tions. Runs 7 through 13 involved 
step feeding of settled sewage. Run 
1-9 indicates BOD removal with all 
types of flow conditions including eon- 
tinuous application of sewage, con- 
tinuous application either with sewage 
or water, and sometimes intermittent 
operation due to pump stoppage. 

The runs of the second filter, shown 
as 2-1 through 2-6 produced the BOD 
loading both by increase in flow rate 
and increase in applied BOD. There 
is no instance among the averages of 
these several runs in which efficiencies 
lower than that shown by the NRC 
efficiency curve (2) are demonstrated. 
It would appear further that there are 
advantages in the step application of 
these advantages 
have not been explored in the present 


sewage; however, 
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TABLE IV.—-Summary of BOD and 
DO Results 
Ratio of 
to | Efflu- BOD 
un ine draulic ent Removal 
(Ib/day/| (med Load- DO | by Filter 
| gal) | 
1-7 | 4,200] 159.8] 473 | 4.1 | 67.2 
1-8 | 3,820] 159.8 | 430 1.9 76.1 
1-9 4,100} 159.8 462 1.6 75.0 
1-10a | 7,660} 159.8 864 4.0 74.0 
1-10b | 5,740] 159.8 647 | 4.8 | 79.2 
1-92-1| 3.610] 159.8 | 407 | 5.4 | 72.5 
1-92-2! 4.190] 159.8) 472 | 4.7 | 67.2 
192-3] 3,700] 159.8 | 417 | 5.3 | 77.0 
1-92-4) 5,340] 159.8 602 4.3 70.8 
1-92-5] 4,630] 159.8 | 522 | 4.0 | 79.6 
2-1 | 1,790) 79.9 104 5.7 | 76.8 
2-2 | 4110) 159.8 163 1.8 76.5 
2-3 $620 | 199.7 116 1.8 79.2 
2-4 | 8,000) 239.6 | 602 3.8 | 69.2 
2-5 8.110) 279.5 522 3.0 68.5 
2-6a |13,400} 279.5 | 863 3.0 62.0 
2—6b {10,050 | 279.5 647 2.6 70.7 
research. Until a definite point of 


determination of filter efficiency with 
top feeding has been found it remains 
a matter of speculation as to whether 
step application provides a convenient 
and useful operating tool to absorb 
changes in flow rate or whether it is 
truly a means of loading the filter with 
BOD beyond that possible by top feed- 
ing alone. In Figure 2 the relation- 
ship between Point 13 (3-step feeding) 


and Point 2—6b suggests an advantage 


in BOD removal efficiency at higher 
BOD 


loadings by step application, 


Filter Loading 


(Ib/day/acre-ft) 


2 3,610 | 1,790 725 
9-2 1190 | 4110 | 98 67.2 
2-3 3,700 | 4,580 | 1.24 77.0 
2-4 5,340 8,000 1.50 70.8 
2-5 4.630 8,110 1.75 79.6 
2-Ha 7,660 13,400 1.75 74.0 
2-6Hb 5,740 10,050 
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TABLE V.—-Comparison of BOD Removal in Filter 1 and Filter 2 
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whereas the _ relationship between 
Points 10, 11, 12 and 1-10a, 1-10b, 2- 
4, and 2-5, does not indicate any great 
difference in efficiency at lower load- 
ings. It should be remembered that 
these controlled filter loadings range 
from 8 to 20 times the recommended 
loading for standard trickling filters 
without recirculation (3). 

A direct comparison of concurrent 
runs on both filters under the different 
loading conditions demonstrates fur- 
ther the relationship of BOD loading 
to efficiency of removal. The results of 
these comparative runs are shown in 
Table V. 

At half the loading Filter 2 is but 
slightly better than Filter 1. At equal 
loading Filter 2 performance is slightly 
better. Other comparisons are evident 
in the table. However, it is difficult 
to assess the actual significance of the 
apparent differences in efficiency be- 
cause some may be due to the 
inherent in biological sampling. 


errors 


Sectional Performance 


Filter behavior is perhaps better un- 
derstood by reference to sectional re- 
moval results. Table VI indicates the 
effectiveness of each section under dif- 
ferent conditions of loading. For each 
section the per cent BOD removal is 
given for its load rather than as a 
fraction of the original load. The com- 
parison of Filter 1 and Filter 2 sece- 
tional removals during Runs 2—6a and 


BOD Removal 


Plant Efficiency 
per cent) 
tatio 


| 


75.5 1.12 77.4 83.5 | 1.08 
79.2 1.03 | 86.6 87.9 | 1.02 
69.2 0.98 82.1 81.0 0.99 
68.5 O.86 87.9 81.4 0.93 
62.0 O.84 S49 78.0 0.92 


i 

| | 
2 | | 1 2 2 
10.7 0.89) 90.7 86.8 | 0.96 


wan 
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TABLE VI.—Sectional BOD Removal 
BOD Removal by Section During Run (per cent) Run 
1-7 18 | 1-9 | 1-10ab] 2 2-2 2-3 24 2-6a,b | 2:1 
1 } 11.4 34.7 34.3 28.3 58.6 | 23.7 32.0 16.7 23.5 0.83 
2 | 196 | 26.7 | 26.7 | 18.2 36.3 | 21.0 | 18.5 19.5 14.3 0.79 
3 24.4 18.2 29.6 24.6 18.3 37.5 | 42.4 23.4 10.4 0.79 
4 | 15.7 3L.1 14.8 20.8 24.3 19.4 12.0 25.9 17.3 0.83 
5 | 12.6 19.4 18.1 24.2 16.7 19.7 | 16.9 17.1 13.6 | 0.56 
6 44 | 80 | 124 | 181 7.7 | 9.5 | 3 | 193 | 104 | 0.57 
| 


2-6b and 1-10a and 1-—10b suggests 
that under the higher loadings each 
section of Filter 2 was less efficient 
than its counterpart in Filter 1, and 
that the performance becomes less ef- 
ficient in the lower sections. This phe- 
nomenon is undoubtedly related to the 
dissolved oxygen content. It will be 
observed from Table IV that the DO 
in the effluent of Filter 2 during Runs 
2-6a and 2-6b is decidedly lower than 
that in Filter 1 effluent. This relation- 
ship is still under exploration in these 
studies. 


Dissolved Oxygen 


In a new series of experiments the 
air will be inereased to hold DO at 
4.0 mg/l or more, and an attempt will 
be made to counterbalance demand in 
the upper sections by increasing the 
air supply in those sections. Table VII 
demonstrates the dissolved oxygen pro- 
file through the filters for several runs. 


TABLE VII. 


Between Run 2-1 with a light loading 
and Run 2-6a with an extremely heavy 
loading there is an obvious difference 
in the DO content section by section. 
However, these differences are not re- 
flected too clearly, if at all, in the in- 
termediate loadings. However, it can 
be said that there is a tendency to 
reduce oxygen content as the loading 
increases and that the upper sections 
seem to be more seriously affected by 
the higher loadings. 

There is a possibility that the varia- 
tions are related to the biological 
growth. It is a matter of conjecture 
at present as to which is a causative 
and which is a resultant of filter con- 
ditions. Table VIII presents data ob- 
tained during 1957 with respect to the 
DO in sections. 


Microscopic Examination 


Table IX demonstrates the micro- 
biota found by microseopie examina- 


DO 


Profiles 


Avg Loading 


Run (Ib/day 
acre-ft) 1 | | 
| | 
1-9 3540 | O | 0.33 
1-92-1 3,340 | 0.66 
1-92-2 4470 | O | 050 | 
1-92-3 3,940 ) 0.30 
1-92-4 5,010 0.97 | 
1-102 7,670 | 0 
21 1,770 o | 1.22 
2-2 4,470 | 0 | 0.60 
2-3 4,930 0 | 
2-4 7,510 0 | 0.80 
2-Ha 


13,420 0 0 | 


Top of Section Average DO (mg ‘1) 


3 | 4 | 5 6 Eff. 
1.18 1.05 | 4.70 4.58 
181 | 3.58 4.52 | 4.98 5.05 
0.73 2.50 3.83 | 4.50 4.27 
1.83 | 3.60 1.50 4.90 4.73 
1.57 | 2.70 3.97 4.47 3.97 
0.30 1.42 2.02 3.15 3.48 
1.57 434 5.13 | 5.76 5.54 
1.72 | 2.50 3.60 | 4.13 4.18 
213 | 367 | 383 | 443 | 3.77 
1.37 | 2.00 2.47 | 3.30 3.23 
0 0 0.20 1.32 1.62 


; 
: 
¥ 
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TABLE VIII. Microorganism Studies 
Dissolved Oxygen (ug/l) 
Date 
DO 
Profile Section 
(1957) Infl 
l 2 $ 6 
2/20 | 0.0 12.8 | 3.1 |3.5°T 
3/6 0.7 2212.7 |2.7 13.5* | 3.6 |3.87 
3/12 0.0 } 1.9 {2.1 j2.1 2.47|2.1" 
3/19 0.0 2.4 12.5 |3.2 | 4.0 |4.2 
3/29 0.0 | 0.0 \0.1 [1.3 [1.9 | 2.3f/2.8 
4/2 | 1.7 | 1.94/2.4¢ |2.8t |3.9t | 4.37/4.4*T 
4/23 | 0.0 | 2.3 |2.6*T|3.6 | 4.67/43 
4/26 0.0 | 3.2%/3.2* 


Conditions in this section apparently less 
favorable than usual for growth of flagellates. 

+ Conditions in this section apparently less 
favorable than usual for growth of free-swim- 
ming ciliates 


tion of the filter by section on those 
separate days. Table X shows a com- 
parison of microbiota found in Filters 
1 and 2 operating at different loadings 
by virtue of the difference in flow rate ; 
Filter 1 running at 159.9 mgd/acre 
and Filter 2 at 279.5 mgd/acre. The 
settled sewage applied to each filter is 
taken from the same sump suction. On 
this particular profile the loadings were 
4.150 and 7,260 lb/day/acre-ft, and 
BOD removals were 82.1 and 76.8 per 
cent. 
ary 


The performance of the second- 
filter Filter 1 on this 
date was particularly noteworthy, re- 
moving two-thirds of the BOD applied 
to it and bringing the over-all Filter 1 
and secondary filter efficiency to 95.9 
per cent BOD removal. 

It is noted that stalked ciliates ap- 
pear in every section of both filters; 
however, these are predominant in Fil- 


following 


ter 1, sections 3 and 6, in the secondary 
filter, Filter 2 in 
Filter biota studies were made in 1957 
ang the early part of 1958 with atten 
tion given to the protozoa 


and in section 6. 


Protozoa Discussion 

The protozoa recorded for Filter 1 
are types normally expected from such 
environments and include a number of 
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the 
sprinkling 


listed by 
filter 
predominant. 


forms Lackey (3) for 


Ciliates have 
ree-swimmers 
Paramecium, Colpidium, Chilo- 
donella, Colpoda) exceeded the stalked 
ciliates (peritrichs) from February 
through early 1957. During 
July, stalked ciliates became about as 


beds. 
been 
(e.g. 


July 


numerous as free-swimmers and, from 


mid-August through January 1958, 
have generally been the dominant 
types. 


Other groups of protozoa have been 
represented by — small flagellates 
(mostly Bodo or related genera), oc- 
easional euglenoid flagellates, small 
amoebae, and shelled rhizopods (e.g., 
Arcella, Diffiugia). 

Free-swimming ciliates have shown 
erratic fluctuations during the year. 
With oceasional exceptions, especially 
in Section 1, the patterns have been 
fairly similar throughout the filters, 
suggesting that, in most cases, factors 
affecting the number of free-swimmers 
may be common to all six sections. 

Although — stalked have 
shown somewhat comparable fluctua- 
tions, their populations tend to vary 
independently of the free-swimmers. 
Also, in Sections 4 to 6, populations 
of stalked ciliates have remained fairly 
stable in records for the period, De- 


ciliates 


cember 6, 1957 to February 12, 1958. 
The fluctuations in ciliates have 
shown no clear correlation with DO 


readings for the various sections. 
However, the period of stalked-ciliate 
dominance more or less coincides with 
a period of relatively high DO levels. 
It is believed that pH changes within 
the filter are not significantly involved 
in the ciliate fluctuations. Any other 
factors of possible significance prob- 
ably would the immediately 
available food supply (total food, or 
possibly concentrations of limiting fae- 


include 


tors such as vitamins) 

All ciliates reported feed primarily 
on bacteria under natural conditions. 
In the laboratory, several types grow 
well in non-nutrient fluids containing 


4 
= 
} 4 
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TABLE IX. Quantitative Identification of Microbiota Found on Examination of Each 
Section of Experimental Filter 
Sample Location 
Microbiota Top of Section 
1 2 3 
(a) Mar. 12, 1957 
Zooglea Abundant | Abundant Abundant Abundant Abundant* Abundant | Yes 
Worms Very Few Few Few Few Few Yes 
numerous 
Flagellates Numerous | Few Few Few None None None 
Filamentous bacteria Moderate | Few Few Few None Few Moderate 
Free-swimming ciliates Very few Moderate Numerous | Very Very Numerous | Very 
numerous humerous numerous 
Stalked ciliates None 1 Fewt Few! None Fewt None 
Suctoria l None None None None None None 
Rotifers None None None None Very few None None 
Amoeba None None None None None None None 


(b) Mar. 19, 1957 


Zooglea Abundant Abundant* \bundant* Abundant* Abundant Abundant Abundant§ 


Worms Moderate | Numerous | Numerous | Numerous | Moderate | Numerous | Moderate 
Flagellates Moderate | Moderate | Moderate | None Moderate | Moderate | None 
Filamentous bacteria None None Moderate None None None None 
Free-swimming ciliates Moderate | Very Numerous | Numerous Numerous | Very Very 
numerous numerous numerous 
Stalked ciliates Fewt None None Few None None None 
Suctoria None None None None None None None 
Rotifers None 1 None Few Few lor2 None 
Amoeba None None None Few None None None 


) Apr. 2, 1957 


Zooglea Abundant | Abundant | Abundant | Abundant | Abundant Abundant Abundant 
Worn ew Few Few Few | Moderate | Few Few 
Flagellates Few Few Few Few Few None Moderate 
Filamentous bacteria None None None Moderate Moderate Moderate | None 
Free-swimming ciliates Moderate Moderate Moderate Moderate Moderate | Moderate Moderate 
Stalked ciliates Few None None None None Few None 
Suctoria None None None None None None None 
Rotifers None None Moderate None Moderate Few None 
Amoeba None Few None Few None None None 


* Mainly rhamose. + Mainly inactive. t Active. § Rapidly growing. 


Bacteria are 

also an important food source for most 
. of the other protozoa seen occasionally 
or frequently. Accordingly, the ability 
to digest bacteria (and probably other 
small microorganisms) is characteristic 


one species of bacteria. to multiply about as rapidly as they 
can be eaten by herbivorous protozoa. 

In addition to microorganisms, dis- 
solved materials (cleavage 
products of proteins, carbohydrates, 
and lipids) probably are used by all 


organic 


of this protozoan fauna. In the labora- 
tory, digestion of proteins, starches, and 
cellulose has been reported for several 
of the common types. 

Even if bacteria were the only food 
used by these protozoa, any reduction 
in bacterial concentrations probably 
could not be great enough to impair 
operation of the filter. Laboratory ex- 
perience of various workers suggests 
that, in a rich medium, bacteria tend 


of the protozoa observed. For certain 
types Colpoda, Para- 
mecium, Amoeba), there is conclusive 
evidence based on growth in pure cul- 
tures in nonparticulate media. 
Ammonia is the most abundant ni- 


(Colpidium, 


trogenous waste for several of the re- 
corded types as well as for various re- 
lated protozoa not observed in the fil- 
ter. Ammonia may be produced in 
quantities. For example, in pure eul- 
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tures of one ciliate species, ammonia- 
N has shown increases of 500 to 600 
per cent, up to levels of 40 to 50 mg/l 
N. It might be expected that, during 
operation of the filter, the protozoan 
fauna would produce an appreciable 
amount of ammonia. Any fluctuations 
in the concentration of ammonia might 
show some correlation with density of 
the protozoan population. 

Comparison of fluctuations in total 
ciliates (free-swimming and _ stalked) 
and in nitrite levels suggests a possible 
correlation. A nitrite peak on August 
1, 1957, followed a rise in ciliate popu- 
lation. High nitrite levels during 
August 26 to September 12, coincided 
with high ciliate densities in Sections 
3 to 6. Also, high ciliate densities in 
Sections 3 to 6 preceded the rise in 
nitrite beginning in early November. 
Whether or not this apparent correla- 
tion is real, some such relationship 
might be expected in the sequence: 
increase in protozoan population—in- 
creased production of ammonia—in- 
crease in nitrite level through bacterial 
activity. 

The groups arbitrarily selected for 
study were: 

1. Zoogleal masses of bacteria. 

2. Sessile ciliates, such as Carchesi- 
um, Vorticella, Epistylis. 

3. Motile ciliates, such as Colpodium, 
Paramecia. 

4. Larger types of flagellates, such 
as Euglena. 

5. Small types of flagellates, such as 
Chlamydomonas, Chrysomonads. 

6. Nematodes or Annelids. 

Table XI indicates quantitative de- 
terminations for three examinations of 
filter effluent liquor. 


Summary and Conclusions 
This 


some 


report of progress provides 
information on filter behavior 


under a variety of loading conditions. 
It does not presume to answer a num- 
ber of the questions which are sched- 
uled for investigation in these studies. 
in both 


It has been demonstrated 
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TABLE XI.—- Quantitative Examinations of 
Filter Effluent for Organism Groups 


Count per ml 
Organism 


Grouping 
11/20/57 | 11/27/57 12/12/57 j 

Zoogleal masses 4.35 | 4.0108 4.5 «108 
Sessile ciliates 1.6108 | 1 | 3.3 108 
Motile ciliates | 13108 | 1.75108 | 3.3 
Nematodes 1.6 5x 108 
Small flagellates | 10 11 x108 12.7 X105 
Large flagellates None 5x<108 
Rotifers 2.5 K10® 
Fungal hyphae 


present and previous studies that the 
behavior of the filter through the first 
section follows the theory of Velz (4) 
reasonably well, but thereafter there 
are essential differences. The so-called 
non-removable BOD can be removed 
with depth, and also there apparently 
is a striking removal in a secondary 
filter that is comparable in efficiency 
to removals at the beginning of filtra- 
tion; however, the secondary filter is 
treating a BOD of the class referred 
to as non-removable. 

There apparently are advantages in 
maintaining hydraulic flow rates at 
levels which keep filter sludge washed 
clear. The companion filters give com- 
parable performance with not greatly 
different BOD removal, even though 
the organic loading on one is 1°4 times 
greater than the other. There is as 
yet no clear indication that a maximal 


condition of top loading has been 
reached even though there is some 


demonstration of a drop in efficiency 
at the higher loadings when oxygen 
levels are not maintained. It has been 
shown throughout the studies that bet- 
ter results follow continuous flow and 
that intermittent flows cause sloughing. 
This may be due to hydraulic disturb- 
anee, a change in the food balance in 
the filter, or shifting of dissolved oxy- 
gen levels, or all in combination. 

Throughout the investigation the fil- 
ter has given consistent average results 
better than those predicted by projec- 
tion of the NRC curve. <A year’s con- 
tinuous operation failed to produce a 
period of inefficiency. 
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While temperature undoubtedly has 
some influence, it has not as yet been 
demonstrated as critical. The filter 
has operated between 13 and 30°C. 
By controlling the initial food sup- 
ply for filter biota through manipula- 
tion of flow rate and by keeping an 
aerobic habitat for filter biota through 
inanipulation of a positive air supply 
it has been possible to treat sewage 
satisfactorily on the experimental fil- 
ter units by passing it once through a 
deep filter at organic loading rates up 
to 13,400 lb day acre-ft. On the pres- 
ent filters, that rate represents a sur- 
face loading of 241,000 lb/day/aere, or 
5.5 lb/day/sq ft. The hydraulic rate 
used to date has reached 279.5 med 


acre, or 35.7 fph. 
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DETERMINING SUSPENDED SOLIDS USING A 
SPECTROPHOTOMETER * 


By Krawezyk AND NorBert GONGLEWSKI 


Respectively, Associate Chemist and Sanitary Chemist, Buffalo Sewer Authority, Buffalo, N. Y. 


Acccording to ‘‘Standard Methods,’’ 
the determination of suspended solids 
involves the deposition of suspended 
material on a mat of asbestos fiber (1). 
The over-all time needed to complete 
such an analysis exceeds one hour. 
Normal routine in a treatment plant 
laboratory may require that four to six 
such determinations be made daily. 
Moreover, if the laboratory control pro- 
gram is expanded and greater numbers 
of suspended solids analyses are re- 
quired in a minimum amount of time, 
the Gooch method has serious handicaps 
because more facilities will 
be required. 

The Buffalo Sewer Authority labora- 
tory was confronted with the problem 
of conducting 20 to 30 suspended solids 
determinations per day when a study 
of sedimentation tank efficiencies was 
planned. Because facilities were lim- 
ited, some samples had to be kept under 
refrigeration and analyses conducted 
the following day. Most probably, re- 
sults would have been more satisfactory 
if all the laboratory work could have 
been completed on the day the samples 
were collected. 

In view of the disadvantages of the 


extensive 


Gooch method, an investigation was 
started to find a more rapid method of 
analysis. In 1985 Holmes (2) reported 
on a method for the determination of 
suspended solids using a colorimetric 
procedure without resorting to filters. 
(3) 


some promise but colors imherent in 


A nephelometric system showed 


New 


Assn. ; 


* Presented at the Spring Meeting, 
York Sewage and Industrial Wastes 
Liberty, N. Y.; May 26-27, 1958. 


various sewages eliminated this pos- 
sibility from further consideration. 


Filter Photometer 
Particle Size 

An attempt was made to measure 
suspended solids using a filter photom- 
eter with a variety of cells and in the 
first group of experiments it was found 
that particle size influenced the deflec- 
tions of galvanometer needle. How- 
ever, Ilolmes (2) using a colloid mill 
overcame the problem of non-uniform 
particle sizes and further investigation 
at Buffalo revealed that utilization of 
a blender would brine about uniform 
particle sizes. 

A simple test carried out to 
measure in some degree the uniformity 
of particle size of the blended sewage. 
From a gallon of raw sewage two 1-1 
samples were taken. One sample was 
blended and poured into an_ Imhoff 
cone, then the other sample (unblended ) 
was poured into a second Imhoff cone 
and the respective settling rates were 
observed. The results from one such 
test are given in Table I. Repeated 


was 


TABLE I.—-Settling Time of 
Settleable Solids 


Settleable Solids 


Setthing Time 
(min) Unblended 


Sewage 
Sewane Blended Sewage 
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: 
| 
5 1.5 0 
10 1.6 0 
15 2.0 0 
30 2.2 0 = 
4 60 2.5 2.4 
75 2.6 2.7 
90 2.4 2.7 
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Blending Time 


(sec) 
o—30 
°—45 
4—60 
a—90 


1 


0 | 2 3 4 


tests demonstrated that solids from the 
blended sewage settled in a ‘‘clump”’ 
whereas solids from the unblended 
sample settled at varying rates. These 
observations show that blending pro- 
duces a more uniform particle size, for 
according to Stokes’ law, particles of 
the same size and the same density will 
settle with a constant velocity. 

Samples of raw sewage were blended 
for various periods of time and their 
transmittaney was read at 1-see in- 
tervals. These data are shown in Fig- 
ure 1 and the results indicate that uni- 
form particle sizes were obtained after 
90 see of blending. 


BOD 


After reaching this point, informa- 
tion was sought on possible biochemical 
changes that may be caused by blend- 
ing. This was done by comparing the 
BOD values of blended and unblended 
sewage samples. The results from 
these examinations are given in Table 
Il. As a precaution during blending, 


ELAPSED TIME (sec) 
FIGURE 1.—Effect of blending on transmittancy. 


5 6 li 8 9 


the blender top was covered to mini- 
mize the absorption of oxygen. 


Project Abandoned 


Continued studies with the filter 
photometer revealed that no other prob- 
lems were encountered which could be 
attributed to variations in particle size ; 
however, inherent color caused serious 
troubles. Efforts to solve the color 


TABLE II.—Five-Day BOD of Blended and 
Unblended Sewage Samples 


Unblended Blended 
BOD BOD 
(mg/l) (mg/l) 

8&3 94 
76 9] 
107 100 
109 107 
113 109 
114 119 
116 118 
126 130 
132 120 
145 140 
150 135 
250 225 


204 


58 
4 
\ A 
/ 
207 = 
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5000 


6,000 


7,000 8,000 9000 =: 10,000 


WAVE LENGTH (A) 
FIGURE 2.—Effect of color on transmittancy. 


problem with a suitable filter arrange- 
ment were unsuccessful and the experi- 
mental studies were suspended. 


Spectrophotometer 


After purchase of a spectrophotom- 
eter, preparations were made to resume 
the search for a quick test for sus- 
pended solids. With this instrument, 
wave lengths of 7,000 to 10,000 A could 
be used and colors that might be en- 
countered in sewage should cause no 
interference at these higher values. 
Figure 2 shows the effect of color on 


TABLE III.—Colorimetric Characteristics of 
Common Colored Solutions 


Wave 
Length at | 
Max Ab- 
sorbaney 

\) 


Transmit- 

tancy at 

10,000 A 
“o) 


Fluorescein 

Methyl orange 

Ferric chloride 
Permanganate 

Methyl red 

Bromocresol green 

Methy lene blue 
Copper-ammonia complex 


1,750 100 
4,250 100 
4,400 08 
5,250 Ys 
5,300 100 
6,170 100 
6,250 100 
6,500 Os 


transmittancy at various wave lengths. 
The transmittancies of all three colored 
sewage samples intersect at about 9,000 
A and continue together thereafter, in- 
dicating that color would have only a 
negligible effect above 9,000 A. Listed 
in Table III are some common colored 
solutions and for each is shown the 
wave length for minimum transmittancy 
as well as the maximum transmittancy 
at 10,000 A. 

With the initial difficulties of par- 
ticle size and minimized, the 
problem resolved itself into an applica- 
tion of the laws of colorimetry. Briefly, 
the laws of interest in this study are: 


eolor 


1. Lambert ‘s—At 
tration 


constant concen- 
of light which is 


absorbed in passing through a minute 


the amount 


layer of a homogeneous liquid is di- 
rectly proportional to the intensity of 
light. 

2. Beer’s—Absorption of light in a 
layer of liquid is proportional to the 
number of absorbing particles or 
weight concentration. 

3. Ostwald’s—The absorption maxi- 


mum of a colloidal solution shifts with 
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FIGURE 3.—Relationship between sus- 
pended solids and transmittancy. Results 
from approximately 3,000 suspended solids 
determinations (Gooch method) were used 
to plot this curve. 


increasing dispersion toward the shorter 
wave lengths (4). 


Manipulation in the higher 
lengths was desirable to eliminate color 


wave 


interference and to lessen involvements 
with Ostwald’s law. 


Evaluation Procedure 


‘*standard’’ 
sample was available for test purposes, 
compliance with the light laws had to 
be evaluated by another method. 
a period of two years, samples of raw 
clarifier influent, clarifier ef 
and non-settleable 

were examined for 
content by 


Inasmuch as no sewage 


Over 


sewage, 
clarifier in 
their sus- 
both the 
Gooch and spectrophotometric proce- 
dures Appendix). The results 
were plotted as the logarithm of trans 


fluent, 
fluent 
pended solids 


(see 


mittancy against suspended solids con- 


centration 


(Figure 3 The analytical 
from the Gooch method were 
used as the true value of the suspended 


results 


solids and the concentrations encoun 
tered varied from 20 to 480 mg/l. As 
the plotted points began to form a 
straight line, the hoped-for compliance 
with the pertinent light laws seemed 
to be realized. 

The limits of the instrument 
arbitrarily set at from 30 to 90 per cent 


were 


transmittancy. Samples with readings 


below 80 per cent were diluted so that 
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transmission would fall somewhere be- 
the selected In initial 
experiments the sewage was diluted 
distilled water; was 
discovered that when sewages contain- 


tween values. 


with however, it 
ing more than 180 mg/l of suspended 
diluted this way, the re- 
sults consistently fell below the Gooch 
results. Additional experiments showed 
distilled water to be capable of dissolv- 
ing some of the suspended matter in 
Now filtered sewage or sewage 
from which the settleable solids have 
been removed is used as dilution water 
and the results have been gratifying. 
Tap water as a diluent also gave repro- 
ducible results which were in agree- 
ment with the Gooch results. 

A further test to determine if the 
light laws were being respected was 
made by 


solids were 


sewage. 


diluting a suspension of 
sewage with a known concentration of 
Dilutions were made 
using city water at the same tempera- 
ture as the sewage (Table IV). The 
diluted sewage samples were essentially 
identical with the calculated points 
thus demonstrating that the suspended 


suspended solids. 


solids concentration is directly propor- 


tional to the amount of light trans- 


mitted. 
Pre cision 


Next the the Gooch 
and photometric methods was tested. 
Tables V, VI, and VII show some of 
the data in three different concentra- 


precision of 


TABLE IV.—-Comparison of Gooch and 
Spectrophotometric Methods on a 
Standard Sewage Sample * 


* Sample contained 235 mg/l of SS (avg of 
10 Gooch determinations). 
t Avg of 5 Gooch determinations, 


L162 
ont 
80+ 
| 
i 
4 
4 
| 
ies 
‘ 
| 
Dilution 
SSI SS SS 
Parts of ! Tar mg/l mg 1) (mg/l) 
| W ate I 
al 
{ee 2 2 111 119 118 
; | 3 (2 59 59 
5 
i 
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On 10 different occasions 
samples were blended and 10 replicate 
samples were run using the Gooch and 
photometric methods. 
of the suspended solids content for the 


tion ranges. 


The mean values 
10 series of Gooch determinations 
ranged from 59 to 256 m@/l; for the 
photometric method the mean values 
ranged from 58 to 247. The standard 
deviations for the Gooch method ranged 
from 3 to 8 mg/l and for the photo- 
metric method they ranged from 1 to 5. 
[It may seem odd that better pre- 


TABLE V.—Suspended Solids in Grab Sample 
of June 21, 1957 


h Spectro. 
SS SS 
mg/l) (mg/l) 
206 203 
210 . .203 
207 203 
203 208 
203 208 
190 204 
213 203 
200 204 
196 204 
198 . .208 

TABLE VI.—Suspended Solids in Grab 
Sample of July 26, 1957 

Gooch Spectro. 
ss SS 
mg/1) (mg, 1) 
100 . 
129 123 
121 125 
122 125 
121 .125 
116 
128 . .123 
130 123 
132 125 
122 .128 

TABLE VII.—Suspended Solids in Grab 


Sample of July 20, 1957 


Gooch Spectro. 
Ss SS 
(mg/l) (mg/l) 
60.. 
58 57 
66... 61 
62. 55 
52 
58 57 
56 55 
58 62 
Si... 60 


60. 
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TABLE VIII..Six Month’s Selected Data 
for Plotting Curve in Figure 3 


| Times these Values 

190 
180 | 7 7 
4 
160 13 12 
150 17 | 16 
140 12 12 
130 IS 18 
120 26 25 
110 28 2% 
100 34 33 
90 27 26 
80 38 37 
70 Is 18 


cision is obtained using the photometric 
method since originally the photometric 
method was evaluated from the Gooch 
results. This oddity can be explained 
by the fact that the straight line in 
Figure 3 was fitted after plotting the 
results from approximately 3,000 Gooch 
determinations. Inasmuch as an ex- 
tremely large number of analytical re- 
sults was employed in plotting the 
eurve and the original Gooch results 
so often fell on the curve (as shown in 
Table VIII), the method for determin- 
ing precision was judged to be sta- 
tistically reliable. 
Summary and Conclusions 

A program was undertaken to estab- 
lish a time-saving method for the de- 
termination of suspended solids in 
sewage. The proposed spectrophoto- 
metric method is more rapid than the 
Gooch procedure outlined in ‘‘Stand- 
ard Methods’’ (1). The data reveal 
conformance with the pertinent laws of 
colorimetry. 
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APPENDIX 


Method 


Gooch Crucible 
Apparatus 


Gooch erucibles 
Vacuum arrangement 
Drying oven 
Desiccator 


Procedure 


mat of acid-washed as- 
mm thick) 


crucible or a porous bottom porcelain 


Prepare a 


) 


bestos fibers (2 in a Gooch 


crucible. Dry the crucible in an oven 
at 103°C for one hour, cool, and weigh. 
Place the Gooch crucible on a suction 
100 ml of well- 

the 


measuring. 


flask and measure out 
solids in 

Filter 
the sample through the prepared cruci- 
ble and with several distilled- 
water the graduate. Be 
sure that all the suspended matter is 
Dry in an 
for one hour, cool, and 


mixed sewage, keeping 


suspension while 
follow 
rinsines of 


transferred to the crucible. 
103°C 


veigh to constant weight. 


oven at 


Spectrophotometric Method 


Apparatus 
Spectrophotometer 
Blender 

Siphon system 
Battery jar 
Stirrer (electric) 


Procedure 


Shake sample well and pour about 
700 ml into the cylinder of the blender. 
Blend for 144 min (use stop watch) 
and transfer blended liquor to a bat- 
jar and stir. While stirring, 
siphon about 25 ml into the cuvette. 

setting, read the 


tery 


With a 10,000-A 
transmittaney or absorbance scale using 
as a blank. Just 
ing, invert the cuvette gently to make 
sure all the particles are in suspension. 
Do not shake the cuvette as air bubbles 
interfere with the reading. Read con- 
centration from 


water before read- 


of suspended solids 


prepared graph. 
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THERMAL CONSIDERATIONS IN THE STORAGE OF 
RADIOACTIVE WASTES IN SALT FORMATIONS * 


By Ropert S. ScHecHTerR AND Earnest F. 


GLOYNA 


Assistant Professor, and Professor of Civil Engineering, 
University of Texas, Austin, Tex. 


The ultimate disposal of high-level 
radioactive wastes has become one of 
the most important problems of this 
age. Reactor fuel wastes and perhaps 
radioactive wastes from other sources 
are characterized by a high concentra- 
tion of radioactive which 
must be contained for at least several 
generations. Ultimate containment 
therefore must be permanent, provide 
the necessary shielding, and cope with 
the generated heat resulting from 
radioactive isotope decay. Such ulti- 
mate containment appears to be feasible 
in massive salt formations, for many 
salt domes and beds are geologically 


isotopes 


stable, structurally sound, homogene- 
ous in nature, inert to many wastes, 
accessible, and relatively inexpensive 
to construct. 

The thermal stresses which develop 
a salt cavity are important 
factors in cavity design and have not 
been analyzed previously. However, 
these stresses can be computed after 
detailed information is available rela- 
tive to anticipated temperatures. This 
paper describes a generalized scheme 
for developing these temperature data. 


Previous Work 


The problem of designing safe and 
permanent underground storage facili- 
ties for radioactive wastes is com- 

* Presented at the Fifth Nuclear Engineering 
and Science Conference; Cleveland, Ohio; Apr. 
5-10, 1959. 
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plicated by the generation of heat 
within the waste. One of the important 
parameters in design is the temperature 
rise within the underground cavity 
and in the vicinity of the cavity. 
Theoretical estimations of this temper- 
ature rise have been made by Birch (1), 
Parker et al. (2), and Schechter and 
Gloyna (3). 

Two models of thermal transport 
have been proposed and considered 
by these investigators. The view which 
appears to represent the best approxi- 
mation is one of a spherical cavity 
filled with liquid waste of a uniform 
temperature and heat being dissipated 
into an infinite mass of salt by conduc- 
tion. The assumption regarding the 
uniformity of cavity temperature is 
probably valid because of the natural 
convective mixing and the relatively 
long period (2 to 3 yr) required for 
the contents of the cavity to become 
warmed to the maximum temperature. 
This model has been explored analyti- 
cally by Birch (1) for an exponential 
relationship between time the 
volumetric heat generation. 
In addition, Birch has also computed 
a few selected values of the temperature 
increase (Birch’s analytical result’ was 
in integral form and numerical com- 
putations are required). Schechter and 
Gloyna (3) independently considered 
the same model, and previously per- 
formed extensive computations based 
ona volumetric rate of heat generation 
fourth order poly- 


rate of 


expressed as a 


3 
¥ 
a 
J 
: 
2 
: 
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TABLE I. Heat Generation Constants for Radioactive Waste of Uniform Temperature 
Confined within a Spherical Cavity of a Salt Formation* 


Irradia 
tiont Range of 
Validity d | Ay 
hr) 


0-75,000 | —0.2779 x 2 —0.1806 x +0.1100 
0-50,000 0.1927 x +0.1032 12) —0.1071 X10 

0-50,000 5 0.1029 + 334 0.1860 X +0.1242 X107'8 
075,000 2 0.8991 & 3 +-0).27 x 0.4086 X 12) +0,2233 
0-50,000 | 5.55 0.1159 » +0.2023 x 0.5620 8) +0.4612 
075,000 5 0.9964 104 | +0.3105 0.4570 X +0.2484 K107'5 
0 50,000 | 0.5808 0.8784 +-0.5237 & +(0.2345 0.3569 K 10719 


where heat I i/hr/eu =time in hours 


43/34 
int 
ha therm: t ron fi if ‘ ( ‘ ising ral uranium fuel, and 
duced per ton pr 


nomial. The basic idea for the poly- thermal effects based on both a con- 
nomial was obtained from Blomeke © stant volumetric heat generation term 
and Todd (4). These coefficients are and an exponential decay model. 
given in Table I. Using this model, Birch (1), and Schechter and Gloyna 
curves were constructed to relate the 3) have also considered this model for 
maximum temperature increase to the a number of situations. 
properties of the waste such as age of The results reported herein encom- 
the waste, power level of the reactor, pass the effect of vapor space in a 
total irradiation time, and dilution; partially filled cavity and the temper- 
and to the physical and geometric ature distributions in space as well as 
properties of the system. in time, using this refined model. 
Another “picture” of the thermal 
transport mechanism is obtained by Mathematical Model * 


neglecting mixing within the cavity ue : 
he heat generated by the radio- 


and assuming that the heat is trans- 
active decay in materials stored within 


ported by conduction from within the es bl 
rerou ‘avities is ace able 
cavity as well as in the salt mass. underground cavities is accounta 


Parker, Hemphill, and Crowell (2 in three Ways. A portion of the heat 
have used this model in studying the ‘8 dissipated into the surroundings by 
é conduction; the remaining portion of 
the heat must be stored within the 
cavity in the form of either sensible or 
latent heat. 

In a small interval Aé@, the amount 
of heat generated (in Btu) within a 
sphere of radius R (Figure 1) is 


(0) Ad. 


and the heat flow (Gin Btu) 
~WELL MIXED —— | 

Sl gS 18s givel \ 
~ LiQUiD WASTE — —— irroundings is given 


or 


— 4rR?] Aé. 


The increase in sensible heat of the 


waste is evidenced by an incremental 


FIGURE 1.--The model showing waste within 
a cavity in a salt formation. * See Appendix for nomenclature 


Speci fic 
Ave of Power 
Material mega 
yi watts 
ton days 
6 33 0,000 
10 10,000 
2 | 5300 
2 334 30 
$.3 
For the equation =Ae+Au+A 
we easured fro we oO te al (see fi 
; + All values are based on a reactor 
ny that SOO f waste are pr 
to the 
A: 
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change in the temperature of the waste 
within the cavity. Assuming the con- 
tents of the cavity to be uniform, the 
sensible heat increase is 


+ (1 — 0, JAT (RO). . (3) 


If it is assumed that the changes in 
temperature occur slowly (this assump- 
tion is borne out by the numerical 
results), then the stored waste must 
exert its vapor pressure at all times. 
Consequently, a temperature change 
will produce a corresponding change 
in the vapor pressure of the liquid 
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waste; and the amount of heat which 
is stored as latent heat is 
— 
- 
ROT (RA) + 460) 
Often the relationship between tem- 
perature and vapor pressure can be 
expressed in the form 


p = A 108 (5) 


By substituting Equation 5 for the 
pressure term in Equation 4, it is 
possible to obtain the relationship for 
latent heat 


— — In 1OJAT (RA) 
RCT (RO) + 460/07 (Re) + CP 


For simplicity, the increase in latent 
heat can be rewritten as 


of T (RO) JAT (RA) 


Kquating the heat generation term 
to the storage and dissipation terms 
and allowing A@ to approach zero, then 


aT 


or 


RQ (0) = 


+ | Wp pr 


(1—W)C 


+ (RA) |aT(RO) 


| ae 


The flow of heat into the surroundings 
is by conduction and the temperature 
as a function of time and position is 
given by the relationship 


OT (7,0) 
= (S) 


ay 


a = 
r or 


Equation 7 expresses the boundary 
r= Rk. The remaining 
two boundary conditions are 


condition at 


T(r6) = T. at 
and 


(6) 


To simplify the numerical computa- 
tion, certain variables are defined as 


p=- (10a) 
R 

t 10b) 

V = — 7 (10e) 


Equations 7, 8, and 9 


written as 


R? (* 3k, aV(1,t) 
y—Q 


ean now be 


a a dp 
1 
11) 
Op p Op ot 


The solution of this system of 
equations can be developed by LaPlace 


F 
. 
| 
= 
Vipt) =O at t=0 
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Further analytical development. is 
hampered by the nonlinear nature of 
the temperature relationship at the 
cavity surface and a numerical attack 


Is necessary, 


Numerical Method 


Many possible methods of analysis 


examined llowever, in order 


to minimize computation time, a tech- 


were 


nique Ol analysis 
proposed by Wissler and Schechter (5 


which has been 


Was adopted This procedure is out- 
lined as follow 
Equation 14 can be differentiated 


and the 


with respect temperature 


to 


Al 
If the temperatures V(1,0) and 
V(1,A4t) are then a 
computed from Equation 17. 
the can be 
determined from Equation 16. Thus 
V(1,At) and V(1,2At obtainable 
by an identical procedure it is 
possible to determine V(1,3At). Th 
then be repeated 
distribution of 
the 


cab be 


Now 


known, 


new temperature V 
are 
and 
whole process Can 
until the 
cavity temperatures is 
discrete time steps Af 


The 


entire time 


known at 
which is 


temperature 
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gradient evaluated at. p 1. By sub- 
stituting the resulting expression into 
Mquation 11, it is possible to develop 
Kquation 15 


a at 


3k taV(1,e) de 
(15) 
de Ni € 


The temperature within the cavity 

2)At and 
small time incre- 
the 


between time (n 
where At is 
then 
polynomial 


some 


ment 1s approximated by 


n 2) At | 16 


This polynomial can be substituted 
into Equation 15, and the resultant 
expression rearranged in the following 


form: 


a) 6 + + 


necessary to begin the process Can be 
obtained from a Taylor series expansion 
of the temperature around the point 
The integral J was evaluated 
by Simpson’s rule. 

Once the distribution of liquid tem- 
has established, the 
spatial variation of temperature can be 


peratures been 


eomputed by numerically integrating 
14. 

The results displayed in this paper 
using an IBM 650 


vere obtained 


computer 


Discussion of Results 


Before discussing the results obtained 
the particular physical 
properties used in the numerical com- 


for set of 
putation, it is instructive to note the 
lor example, the effect 
the thermal 


yssible error. 


of temperature on con- 


| 
| erfe de | 14 | 
A 
| 
| 
4 
t asft—(n—1) At] 
ee R R 3/ | 
y—Q nAt a 
Sh a ORs ; 
where 
and : 
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ductivity of salt has been neglected in 
making the calculations. However, 
the thermal conductivity of rock 
salt decreases rather markedly with 
temperature (1). 

To ascertain the effect of the thermal 
conductivity on the temperature rise, 
a calculation was made in which only 
the thermal conductivity was varied. 
These results are shown in Figure 2. 
The difference between the two curves 
is. significant—being of the order of 
100°F at the point of maximum 
temperature. This large difference in 
temperature due to variations in the 
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thermal conductivity indicates two 
pertinent conclusions. 

1. The numbers reported here should 
be considered as funetions of the 
particular set of physical parameters, 
which were selected as being repre- 
sentative (Table II). 

2. A large number of computations 
should be made for a range of physical 
constants and for other theoretical 
models in order to establish the limits 
of temperature variation. The use of 
field experiments appears limited by 
the long time required (2 to 4 years) to 
attain the peak temperatures. — Experi- 


BASIS: 
PILE POWER LEVEL 335 MW/TON 
IRRADIATION LEVEL 3,300 MWD/TON 
WASTE COOLED SIX YEARS PRIOR TO 
400 STORAGE 
RADIUS = 30 
y 216 Ks= 2.8 
O 
Ks = 4.0 
a 
uJ 
a 
= 
uJ 
F 100F 
| 
1.0 2.0 3.0 
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FIGURE 2. Temperature rise in full cavity shown as a function of time 
for two different thermal conductivities of salt. 
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BASIS: 


400 


PILE POWER LEVEL 335 MW/TON 
IRRADIATION LEVEL 3,300 MWD/TON 


WASTE COOLED SIX YEARS PRIOR TO 
STORAGE 


| 


10 


2.0 3.0 
t 


IGURE 3. Variation of temperature excess with time within the cavity 


TABLE II. 


* In vapor 


Values of Physical Parameters 


Value 


62.4 ft 
1.0 Btu/Ib/°F 
() 
() 


}002.778°R 
378.4°F 
100°k 
2.8 Btu/hr /ft 
0.1012 sq ft/ht 


pressure equation, 


as a function of cavity radius and fraction of total volume occupied by the 
liquid waste. 


ments using models conjunction 
with a reasonable scale-up procedure 
might vield some useful information. 

It is important to note that the heat 
capacity and the density of the waste 
have also been assumed to be constant 
with respect to temperature. These 
two parameters are also temperature 
sensitive, especially in the region above 
500°F. 

Figures 3 and 4 display the variation 
of temperature excess within the cavity 
both as a function of cavity radius 
and a fraction of total volume occupied 


1170 — 
500 

R = 30 
Y=1.0 
Y=0.75 
R= 20' 
: 
; 

Parameter 
| 

F ‘ 
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by the liquid waste. The decrease in 
temperature noted in the partially 
filled cavity was not proportional to 
the decrease in volume of the radio- 
active that is, a 25-per cent 
decrease in the amount of waste 
injected into a particular cavity did 
not result in a 25-per cent decrease in 
the temperature. This inequity is 
due to the relatively small value of the 
density of the gas (taken as being 
negligible in all computations) as 
compared to the liquid. This differ- 
ence in density is not offset by the 


waste ; 


4000 
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heat necessary to vaporize the amount 
of liquid needed to satisfy the equili- 
brium requirement which is stipulated 
in the model. 

For example, the vapor pressure of 
water increases from 10 to 14.7 psia 
when the temperature is increased 
from 193 to 212°F. On the basis of a 
cubic foot of vapor space, approxi- 
mately 6.6 Ib-moles of liquid 
must be vaporized to increase the 
pressure by 4.7 psi. Presuming the 
latent heat to be approximately 1.8 
X 10* Btu, lb-mole, it can be seen that 


BASIS: 
3600 


3200 


° 


@ 
oO 


oO 
oO 


> 
O 
2 
uJ 
= 
uJ 
WJ 
oll 
= 
uJ 


PILE POWER LEVEL 334 MW/TON 


WASTE COOLED SIX YEARS PRIOR 
TO STORAGE 


RADIUS = 30' 


Y=1.0 


"Y= 0.75 


Y = 0.50 


3,300 MWD/TON 
| 


1.0 


FIGURE 4. 


2.0 3.0 
t 


Variation of temperature excess with time within the cavity 


as a function of the fraction of total volume occupied by the liquid waste and 


at different irradiation levels. 
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BASIS: 


|. PILE POWER LEVEL 333 MW/TON 
IRRADIATION LEVEL 10,000 MWD/TON 


RADIUS = 30 
1400+ 

q 

7s 

uJ 

Y 1000F 

<a 

= 

be 


Y=0.75 


WASTE DILUTE WITH 
| PART WATER PER 
3 PARTS OF WASTE 


| 


O 1.0 


2.0 3.0 
t 


FIGURE 5. Variation of temperature excess with time for cavities con- 
taining dilute waste, 25-per cent vapor space, and no excess vapor space. 


the amount of heat absorbed as latent 
heat is approximately 120 Btu. On 
the other hand, presume that this 
cubie foot is occupied by water. Then 


approximately 1,140 Btu are required 


to heat the cubic foot of water from 
193 to 212°F. 

From this, it ean be concluded that 
the Vapor space should be just sufficient 
to accommodate the volume increase 
of the liquid due to thermal expansion 
and that it is far more effective to 
dilute the waste with a material of 
high density and heat capacity to 


reduce femperature increase to permis- 


Waste cooled two years prior to storage. 


sible levels than it is to partially fill 
the cavity. This conclusion is shown 
in Figure 5, where the temperature 
increase for two spherical cavities con- 
taining identical quantities of waste is 
plotted as a function of time. One 
cavity contains the diluted waste and 
the other has a 25-per cent vapor space. 

The temperature distribution as a 
function of distance and time is shown 
for a particular example in Figure 6. 
The spatial distribution of temperatures 
is important in the structural con- 
siderations especially for cavities which 
are located at moderate depths. 
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Conclusions 


1. ‘The methods developed herein are 
valuable in deriving the temperature 
distribution both as a function of time 
and position for a general model. 

2. It appears that cavities much in 
excess of 30 ft in radius will produce 
temperature increases in the waste 
which in all probability are beyond 
permissible limits. 

3. The waste should be diluted to 
reduce the temperature rise rather 
than partially filling the cavity with 
the undiluted waste. 

4. The temperatures are sensitive to 
changes in the values of the physical 
parameters, 
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APPENDIX—NOMENCLATURE 7 = Temperature, °F; 
A. B.C Constants ; t = Dimensionless factor, 
Cp, = Heat capacity of liquid 
waste, Btu/Ib/°F; "= Temperature excess, °F; 
Heat capacity of gas, Btu = Thermal diffusivity of salt, 
lb/°F; sq ft/hr; 
Thermal conductivity of 
salt, Btu/hr/ft/°F; 
Vapor pressure of liquid, . = Density of liquid, Ib/cu ft; 


- Time, hr; 


atm; Density of gas, lb/cu ft; 
Volumetric rate of heat 
generation, Btu/hr/cu ft; Dimensionless factor, 


Radius of spherical cavity, 

ft: Latent heat, Btu/lb-mole; 

Position radius, ft; and 

(ras constant, consistent = Fraction of total volume 

units: filled with waste. 


“MR. WATER WORKS” HONORED 


Harry EK. Jordan, who retired September 1 after 23 vears as Seere- 
tary of the American Water Works Association, is shown at the left 
receiving a permanent ‘‘ Mr. Water Works’? emblem from Lewis 8. Finch, 
Vice-President of the Indianapolis Water Company and retiring AWWA 
President, at the ‘Salute to Harry E. Jordan’? dinner which highlighted 
the annual meeting in San Francisco in July. 
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Evaluation of the literature on com- 
posting methods reveals that there has 
been much valuable information pub- 
lished on composting of garbage and 
animal wastes. However, there is not 
much data available on composting of 
sludges from combined domestie and 
industrial waste treatment plants. 

At the Pearl River plant of Lederle 
Laboratories from 6 to 10 tons per 
day of organie sludges are acewnu- 
lated for disposal. This comes from 
fermentation of antibioties, extraction 
of pharmaceuticals from animal livers, 
stabling of animals, and the sanitary 
sewage from 4,000 employees. Com- 
posting was included with other dis- 
posal methods in a study program for 
determination of a practical solution 
to this problem. 


Scope of Study 


The immediate scope of this investi- 
vation consisted of answering two ques- 
tions: 


1. Can this industrial sludge be com- 
posted ? 

2. If so, can a routine composting 
procedure be established ? 


The investigational program was 
earried on within the following out- 
line: 

1. literature study on existing 


composting methods and practices to 
determine how they could be applied 


to this problem. 


2. Pilot-plant investigation and out- 


* Presented at the 31st Annual Meeting, 


Federation of Sewage and Industrial Wastes 
Detroit, Miech.; Oct. 6-9, 1958. 


Assns.: 


COMPOSTING WASTE SLUDGE FROM 
PHARMACEUTICAL MANUFACTURING * 
By A. J. 


Head, Industrial Waste Department, Lederle Laboratories, American Cyanamid Company, 
Pearl River, N. Y. 
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door field experiments on some estab- 
lished composting methods. 

4. Discussions with outside inter- 
ested parties and with people actively 
engaged in composting. 


From the preliminary study the fol- 
lowine observations were made: 


1. Most of the established investiga- 
tions and reported data pertained to 
composting of garbage and farm 
Composting of industrial 
sludges has not been studied very in- 
tensively. It was believed that modi- 
fications on existing composting pro- 
cedure would be needed to cope with 


the problem. 
2 


wastes. 


Successful composting requires a 
knowledge and use of the principles 
controlling material handling and ecor- 
rosion. This is especially true in rapid 
composting where machinery is used 
in handling the materials being com- 
posted. 

3. It was noted that the outstanding 
difference between the Lederle indus- 
trial sludge and the garbage type of 
was that the 
pharmaceutical sludge remained fairly 
constant on an 


waste composition of 
annual basis whereas 
have varia- 
The carbon to nitrogen ratio 


garbage wastes seasonal 
tions. 
of Lederle sludge remained about 15:1 
while garbage waste is reported to 
range 10:1 to 80:1. Also, the 
operational control of the treatment 
plant provided the advantage that the 
industrial sludge containing domestic 
and animal solids would be free of such 
foreign matter as cardboard, tin eans, 
polyethylene glass. 
For the majority of the garbage com- 


from 


wrappings, 
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posting methods, the first problem is 
the removal of these items prior to 
composting. 

4. A disadvantage for investigators 
of composting procedures is the lack 
of a common yardstick to follow the 
progress of composting and to estab- 
lish an end point of decomposition. 


Pilot Plant 


[t is known that under correct con- 
ditions decomposition of organics is 
brought about by the action of micro- 
organisms, both aerobie and anaerobic 
in many stages. These experiments 
were planned so as to determine the 
required conditions and to define the 
purpose of each digestion stage. 

The pilot-plant investigations began 
at Pearl River in the summer of 1953 
using a ‘‘Multi-Stage Composting’’ * 
procedure. In this procedure one day 
is specified as the time to complete one 
full stage or ecyele of decomposition. 
The total number of stages would be 
determined by experiment. 

The objectives were to establish, iso- 
late, study, and report the character- 
istics of the many digestion steps or 
stages in composting of these sludges. 
The equipment used for this method 
consisted of wooden boxes with a e@a- 
pacity of about one yard, equipped 
with movable top and bottom doors, a 
small forklift tractor, a small front 
end loader, and a shredding machine. 
Metal bars were attached to the sides 
of each box so that when the box was 
placed on a stationary jib, the con- 
tents could be discharged quickly and 
processed by hand shovel or by trac- 
tor. 

The objective of this procedure was 
to provide for the development of an 
optimum bacterial population in the 


various stages. 
Variable Conditions Encountered 


It soon became obvious that the 
known variables in composting would 


* Patented process resulting from develop 
ments in this work. 
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be encountered in this work. It was 
found that the first important variable 
to control, especially in the early 
stages, was the moisture content. This 


decision was based, not on composting 
criteria, but’ on the practicalities of 
material handling. By trial and error, 
a suitable moisture content of the 
initial material for satisfactory physi- 
cal handling was established. The 
sludge was diluted with barn manures 
containing straw bedding and wood 
sawdust. The ideal blend which gave 
the good composting results and was 
suitable for physical handling was: 


Per Cent 

Material by Weight 
lreatment plant sludge 65 
Stable manures 25 
Sawdust 10 


In addition, 1% lb of finely divided 
phosphate rock was added for each 100 
lb of mixture. This blend, with a re- 
sultant moisture content of between 
50 and 60 per cent, became the in- 
fluent material for the first stage of 
composting. 

Before being added to the compost, 
the treatment plant sludge is dewa- 
tered on vacuum filters, using chemi- 
eal coagulants to aid in the dewater- 
ing process. At one time these were 
ferric chloride and lime, but the iron 
in the finished compost was found to 
be harmful to lawns on which the eom- 
post was applied. For this reason the 
use of iron coagulant was discontinued 
and the dewatering was accomplished 
with lime. The resultant sludge cake 
varies from 65- to 85-per cent water 
and is of the approximate composition 
shown in Table I. This table also 
shows the composition of the remain- 
ing raw materials for the compost. 

The second variable believed eriti- 
cal for material in the early stages is 
pH. The treatment plant sludge with 
chemical additives has a pH! of about 
7.59 to 8. The pH of animal wastes 
also is alkaline. The sawdust has an 
initial pH{ of 3.0 to 4.0. But the 
mixed ingredients, after about one day, 
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have a pl of 6.5 to 7.5, whieh is satis- 
factory for composting of the wastes. 

The box system permitted testing by 
trial and error some of the other im- 
portant variables in composting, such 
as temperature, aeration, blending, re- 
seeding, compactness, and reduction of 
particle size. 

An important factor in composting 
is to achieve proper temperature in 
the process. Fortunately composting 
masses have good insulation proper- 
ties and retain the heat from the re- 
actions, thereby maintaining elevated 
temperatures. IHligh temperatures are 
required for the destruction of unde- 
sirable weeds and of pathogenic organ- 
isms. A temperature pattern is shown 
in Table IT. 

An important tool in studying these 
variables was a shredding machine.* 
This machine conveys the material by 
fast moving belt through a small open- 
ing under spring tension metal bars 
and throws it out three or four feet 
into the air. Some of the advantages 
accomplished by shredding were aera- 
tion, evaporation of water, reduction 
in particle size, and blending of ma- 
terial. 


Routine Procedure 


By using a gas analysis instrument, 
the compost material was probed to 
determine COs and Os contents. It 
was noted that frequent shredding of 
material with an age of over two days 


TABLE I.--Approximate Composition of 
Wastes from Lederle Laboratories 
Pearl River Plant 


Waste 
Treatment 
Plant 
Sludge 
(per cent) 


Stable 
Manure 
per cent) 


Compost 
(per cent) 


Moisture content 70 65-85 
Organic content 70 
Nitrogen 1.5 2-3 
Phosphorus 0.1 O0.1-0.38 
Potassium 0.3 0.7 


* Royer Shredder. 
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TABLE II.—-Compost Moisture Content, 
Chemical Oxygen Demand and 
Temperature Record 


Moisture 
Content 
(per cent) 


COD Tempera- 
(mg /25 dry ture 
sample) (°F) 


100 
120 
140 
160 
160 
130 
110 


definitely shortened the total compost- 
ing time. From the results of many 
trials a routine procedure was estab- 
lished so as to produce satisfactory 
decomposition of these wastes in six 
to eight days. The pertinent points 
in this procedure are: 


1. The sludge was diluted with ani- 
mal manures and sawdust to give a 
moisture content between 50 and 60 
per cent. This represented a mixture 
of about 65 per cent sludge and 10 
per cent sawdust. Phosphate rock was 
added representing about 0.5 per cent 
of the batch weight. 

2. This mixture was seeded with 
about 10 per cent of material with 
an age of one stage or in this case 
one day. 

3. After thorough mixing the total 
blend was shredded and stored for 24 
hr. 

4+. The material in the other stages 
also was shredded daily, reseeding with 
10 per cent of material one stage older. 


Evaluation of Process 


One of the common problems in com- 
posting studies is the establishment of 
an end point to determine when com- 


posting satisfactorily complete. 
Some known end points are recorded 
as moisture content, lack of odor and 
flies, and experienced visual observa- 
tions. The objective in composting is 
to stabilize putrescible matter and to 
make it unattractive to flies and ro- 
dents and as odor free as_ possible. 


4 Age 
(days) 
2 | 
65 12.0 | 
2 60 9.0 
3 55 8.5 
4 50 8.0 
5 | 7.5 
6 7.0 
7 <35 | 65 | 
35 
SO 
2.0 
O8 
0.8 


lor these tests a more specifie end 
point would be advisable. Accord- 
ingly, it was decided to modify slightly 
the COD test for evaluation of the com 
post as given in “Standard Methods”’ 
(1). In brief, the modified test con- 
sisted of adding 0.25 g of dry sample 
to 50 ml of 1 N potassium dichromate, 
oO ml of distilled water, and 100 ml 
of sulfuric acid. After one hour of 
refluxing and cooling to tem- 
perature the solution was diluted to 
one liter volume with distilled water. 
A 250-ml aliquot of this solution was 
titrated with 0.5 N ferrous ammonium 
sulfate using O-phenanthroline as an 
indicator. For convenience in report- 
ing, the COD values shown in Table II 
are converted to mg/25 g dry compost. 


Michigan State Tests 


The Pearl River composting prob- 
lem was studied, using the modified 
Karp-Thomas metal digester which was 
being tested at Miehigan State Uni- 
versity (2) with garbage. A full-scale 
experiment on Lederle waste was out- 
lined using these composting facilities 
consisting of bueket conveyor, an eight- 
deck, 8- X 22-ft insulated digester, and 
storage area. Approximately 30 tons 
(130 drums) of pharmaceutical wastes 
were prepared and trucked from Pear] 
River to the composting site in East 
Lansing. The blend of waste consisted 
of 60 per cent sludge, 50 per cent 
coffee grounds, and 10 per cent animal 
manures. The moisture content was 
below 60 per cent 

The objectives of this proposed ex- 
periment were to determine: a 
whether the waste be composted by this 
method and machinery, (b) the rate 
of decomposition in the digester, (ce) 
the performance and efficiency of the 
digester, and (d) feasibility of consid- 
eration for full-scale composting of 
the waste. 

The deseription of this digester, as 
reported by Snell (3) is an 8- x 22-ft 
cylindrical metal tank divided into 8 
sections or stages, each supplied with 
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metal plows which turn on a common 


shaft and move the material toward 
a discharge opening. ‘The retention 
time in the digester can be controlled 
hy agitator speed, and the material 
depth in each stage can be varied by 
adjusting the individual plow angles. 
The influent raw material is conveyed 
to the top of the digester into the 
first stage; it goes through decompo- 
sition in the other seven stages and is 
discharged off the bottom. The ma- 
terial is intermixed and reseeded as it 
flows from stage to stage. In the first 
four stages it reaches a high tempera- 
ture of about 120°F, while in the bot- 
tom four stages the material covers 
a temperature range of about 120 to 

amount of material from the preceding 
stage is plowed into and mixed with 
a substantial amount of older material 
in the stage below. In other words, 
a small amount of material from stage 
1 is discharged into the mass of stage 
2 while some of stage 2 material is 
mixed with stage 3 material, and so 
on down the stages until the material 


is discharged. 


accomplish reseeding, small 


In this experiment, an inspection of 
the Pearl River waste in the top four 
stages after one day’s time indicated 
that the initial moisture eontent had 
risen to over 65 per cent and. that 
the material was wet, lumpy, and had 
a high degree of compactness The 
experiment was continued using dry 
compost to reduce the moisture econ- 
tent in the top four staves. The mois- 
ture content of material in the first 
three stages was maintained near 50 
to 55 per cent. The composting evele 
was established at about 60 hr with 
material reaching a maximum tem- 
perature of about 140°F. Mechanieal 
problems prevented further  experi- 
ments. The followine observations 


were made: 


1. The continuous movement of this 


type material by the plows is not satis- 
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factory, especially in the early stages 
when water is formed in the decom- 
position of the waste. The material 
quickly ‘‘balls-up’’ and then becomes 
anaerobic. This ‘‘balling-up’’ action 
causes mechanical problems with the 
plows. Increasing the amount of dry 
compost or dry foreign material mixed 
with the influent material will increase 
the cost substantially. The beneficial 
effect of continuous plowing was not 
confirmed. 

2. The seeding and reseeding pro- 
cedure of this method does not appear 
suitable for this waste. It later de- 
veloped from other pilot-plant work 
that the exact opposite seeding pro- 
gram to that described above is de- 
sirable for this waste. It is preferable 
to use a small amount of older material 
to seed a substantial amount of fresh 
material. 

3. Due to the characteristies of this 
waste, material handling in its convey- 
ance to and through the digester was 
a definite problem. This waste is so 
sticky, wet, and dense that the Uni- 
versity’s digester could not handle it 
without developing excessively high 
and mechanical torques. 


Table IIT is a summary of the re- 
sults of this experiment. 


Plant Practice 

The experience gained in these stud- 
ies prompted a decision to dispose of 
the Pearl River sludges by composting 
in an open sanitary landfill property 
then serving the plant for refuse dis- 
posal. However, since there is a sea- 
sonal market in the sale of compost 
and since there is a substantial amount 
of inexpensive land available, the short 
six-day process was not a prime re- 
quirement. Therefore, the pilot-plant 
short-term process was modified to a 
full-scale shredding windrow 
process covering a period of about 150 
days. A 10-acre plot was converted 
this 1955 and large-scale 
equipment installed. This consisted 


for use in 
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TABLE III.—Results of Tests Run in Michigan 
State University Digester Using Lederle 
Laboratories Waste 


Approxi- 
mate 
Age 
(days) 


CoD 
(mg/25 g dry 


Number sample) 


! 
| Tempera- 
| 


Stage | 
| 


130-140 
80-100 


of a 30 cu yd/hr shredder and a one 
cu yd capacity front-end loader. 

An economic evaluation of the se- 
lected procedure indicated that the 
Multi-Stage method was practical and 
economical if a sufficient market could 
be found for the finished product to 
defray a part of the operating costs 
and to keep the compost from aceumu- 
lating on the premises. 

The sludge dewatered at the treat- 
ment plant on the afternoon and mid- 
night shifts is trucked to the com- 
posting site and dumped on a prepared 
bed of sawdust and animal manures. 
The total sawdust and other wastes 
are proportioned to the sludge to give 
the desired blend. Seeding from the 
previous day’s batch is done by moving 
some of the one-day old material to 
the fresh batch with the tractor. Af- 
ter the sludge has been discharged, 
the mixing and blending of all the 
ingredients are done with the tractor 
by picking up material from the outer 
edges and making a new cone-shape 
pile next to it, similar to the procedure 
used for mixing sand, gravel, and ce- 
ment. About one part finely ground 
rock phosphate is added for each 200 
parts of the fresh mixture. 

To complete the blending, the mass 
of material is then bucketed through 
the shredder and piled in a long 
windrow next to the previous day’s 
batch. The windrows are about 25 ft 
wide and as much as 15 ft in height, 
running a distance of about 300 ft. 

Periodically the masses are sampled 
for pH, moisture content, temperature, 
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AND 


and COD. 
to compost 
months, 


The windrows are allowed 
for a period of about five 
after which the entire win- 
drow is turned over and moved by 
truck to a different location. This 
material is called ‘‘erude compost,’’ 
since it has gone through the high 
temperature range and has dried out 
into large hard lumps. Small cone- 
shape piles of crude compost are made 
to permit additional drying. During 
dry weather this material is trucked 
high roof building which 
1,000 tons of compost, 
representing about one-half year’s pro- 
duction. Here the erude material is 
re-shredded to a fine particle size, and 
to a moisture content of about 40 per 
cent. 


inside a 


holds about 


In final form it is a granular, 
free-flowing, dark brown material, with 
a_ slight The finished 
compost is used on Lederle’s grounds, 
by the nearby communities, and it is 
sold through a local dealer mainly for 
lawn treatment and soil conditioning. 


humus odor. 


Summary 


Evaluation of some composting 


methods has been undertaken during 


evaluation 


rates 


ing and is done in a congenial office. 


leave and other fringe benefits. 
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the past four years at Lederle Labora- 


tories, 
experience 


Pearl River, New 


gained in 


York. 


these 


The 
studies 


prompted a decision to dispose of the 
organic sludges by composting in an 
open sanitary landfill property using 
a modified multi-stage procedure. In 
the past 3 yr from 6 to 10 tons per 


day of 
from 


originating 
antibioties, ex- 


sludges, 


fermentation of 


organic 


traction of pharmaceuticals from ani- 


mal 


livers, stabling of animals, and 


the sanitary sewage from about 4,000 
employees have been disposed of by 


this composting method. 


Composting 


has been the best and most practical 


method of 


treatment, 


disposal, and 


utilization of these wastes. 
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DESIGN DATA FOR COMPLETELY-MIXED 
ACTIVATED SLUDGE TREATMENT * 


By Vernon T. Stack, Jr.t AND Ricnarp A. Conway 


Group Leader, and Sanitary Engineer, Union Carbide Chemicals Company, 
South Charleston, W. Va. 


Since the activated sludge process, 
in comparison with other methods, re- 
quires the most exacting data for de- 
sign purposes, the great variations in 
streneth and treatment characteristics 
of industrial wastes prevent the appli- 
cation of ‘‘rule-of-thumb’’ design. 
For successful design, reasonable an- 
swers must be provided to the ques- 
tions: What is the most economic aera- 
tion period? How much oxygen will be 
required? and What rate of oxygen 
transfer will be necessary? With this 
information available, an activated 
sludge system can be designed to ae- 
complish the desired treatment, inelud- 
ing a known amount of reserve c¢a- 
pacity. 

The procedure through which design 


data are obtained and the size of the 
apparatus to use are problems to the 
investigator. The apparatus must 


simulate the treatment process to be 


built. The procedure must permit the 
collection of data that ean be confi- 
dently applied to full-scale design. 


Confidence in the design data is usu- 
ally related directly to the size of the 
apparatus, and there is good reason 
for this attitude. Naturally, the most 
confidence can be placed in data ob- 
tained with full-scale equipment. As 
a compromise, most investigators rely 
on design data from pilot-seale ap- 
paratus. However, this approach may 
not be necessary. The bench-seale ap- 
proach offered here has many advan- 
tages over larger-scaled equipment. 


* Presented at the 134th Meeting, Ameri- 


ean Chemical Society; Chicago, Ill.; Sept. 7- 
12, 1958. 
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Type of Activated Sludge Process 


When compared with the  flow- 
through principle of aeration tank de- 
sign, the complete mixing approach has 
several advantages when applied to 
treatment of industrial wastes: 


1. The wastes are distributed into 
the entire volume of the tank which, 
in addition to dilution, provides equal 
feeding to all parts of the tank. Un- 
der these conditions the greatest 
amount of work can be accomplished 
in a given aeration volume. 

2. The BOD level in the aeration 
basin is essentially equal to the efflu- 
ent BOD. Therefore, the biological 
culture is not subjected to appreciably 
stronger wastes for a significant pe- 
riod of time. 

3. Lysis in the biological culture re- 
leases nutrient materials. In_ the 
homogeneously-mixed system, this re- 
lease and the demand for nutrients 
occur at the same point. Therefore, 
if addition of nutrients is necessary, 
the possibility for reuse in the 
homogenously-mixed system will mini- 
mize those additions. 


The use of a homogeneously-mixed 
aeration basin raises the question of 
short-cireuiting of organic material. 
Short-circuiting definitely can occur, 
and Figure 1 presents the theoretical 
degree of short-cireuiting in an_ in- 
finitely-mixed system. Theoretically, 
nine per cent of the solute present in a 
completely-mixed system can be dis- 
placed in one-tenth of a period of time 
equivalent to the detention period, 
V/Q, where V is the mixed volume and 
@ is the hydraulic additions. Fortu- 
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FIGURE 1.—Displacement of solute 
from a homogeneously-mixed solution 
by continuous of solvent. 
where T is fraction of 
V/Q, Y = Fraction of X removed in period 


Total quantity of solute 
Volume of the sys- 
tem, and Q = Rate of addition of solvent. 
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veloped by Sawyer and Nichols (1) 
The major alteration was the adapta- 
tion of the aeration tube to continuous 
feeding. Thus, the apparatus has been 
named the continuously-fed oxygen 
utilometer. Figure 2 illustrates the 
assembled equipment, the components 
of which are readily available. The 
aeration mixture is contained in the 
resin kettle. Application of feed 
through the feed funnel displaces an 
equal volume of aeration mixture. 
The displaced volume passes upward 
through a clarification tube in which 
a sludge blanket exists. Therefore, the 
material that discharges through the 
liquid seal is clarified effluent. The 
clarification tube should be sized to the 
feed rate to limit the overflow rate. 
Oxygen is supplied to the aeration 


mixture by recirculating about 1.5 
liters of air per minute per liter of 
aeration volume, A 12-mm, fritted 


vlass, diffuser tube is used for disper- 
sion of the air. The air is serubbed 
through sulfurie acid to remove basic 
components and through sodium hy- 


droxide to remove acidic components, 
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FIGURE 2.—Details of continuously-fed oxygen utilometer. 


AERATION MIXTURE 
10 % 


SODIUM 


HYDROXIDE 
10 % 


SULFURIC ACID 


(d) 


— | 
1 
| 
G | | 
| Il | | 

| 
(8) 


Vol. 31, No. 10 


particularly carbon dioxide. The sul- 
furie acid scrubber is not required if 
basic components are absent. 

The oxygen reservoir and fittings are 
necessary for replacement of oxygen 
utilized by biological activity. The 
restriction in the connecting line be- 
tween the oxygen reservoir and the 
resin kettle minimizes diffusion 
tween the oxygen and air. The burette 
permits the introduction of water to 
displace oxygen into the resin kettle. 
The manometer permits a comparison 
of atmospheric pressure to the pressure 
in the system. 


Experimental Observations 


Use of the continuously-fed oxygen 
utilometer for development of design 
data assumes that previous studies 
have established the feasibility of aeti- 
vated sludge treatment. Thus, the 
starting point of this discussion as- 
sumes that an activated sludge growth 
has been developed previously. The 
goal of the experimental observations 
is to obtain this information: oxygen 
requirements in terms of amount and 
rate of demand, BOD removal, and 
production of volatile solids. 


Rate of Oxygen Demand 


The continuously-fed oxygen utilom- 
eter is designed to determine the rate 
of oxygen demand directly. The one 
prerequisite is that the aeration mix- 
ture must be in equilibrium with the 
food supply. Equilibrium is achieved 
by constant feeding of the system at the 
desired feed rate. The period of time 
depends on the previous history of the 
activated sludge present, but at equi- 
librium the rate of inerease in the 
volatile solids in the aeration mixture 
should be constant and relatively low. 

During the equilibration period, the 
aeration mixture can be aerated from 
an external air source. At equilibrium, 
the system is closed and the amount 
of oxygen uptake is observed over a 
Data similar 
to those in Figure 3 will be obtained. 


period of several hours. 
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FIGURE 3.—Oxygen uptake as observed 
with the utilometer. 


If the system is at equilibrium, the 
data will plot on a straight line. The 
slope of the plot is the rate of oxygen 
uptake. The rate in Figure 3 is about 
80 mg oxygen per liter per hour. 

At the suggested aeration rate in the 
continuously-fed oxygen  utilometer, 
the rate of oxygen transfer does not 
usually limit the rate of oxygen up- 
take, but the presence of any material 
which decreases surface tension can de- 
crease oxygen transfer. Therefore, an 
apparatus similar to that sketched in 
Figure 4 (or a simpler aeration tube) 
can be used to examine oxygen trans- 
fer. Data are obtained by sparging 
nitrogen through the sample until the 
oxygen essentially 
The sample is then aerated at a 
constant and the concentration 
of dissolved: oxygen is determined to 
define curves as illustrated in Figure 
>. Uniformity of sample handling 
must be maintained. A one-per cent 
solution of potassium chloride in dis- 
tilled water may be used as the stand- 
ard. If oxygen transfer into the in- 
dustrial waste is appreciably less than 
that for the standard, the 
observed oxygen transfer 
must be designing 
aeration equipment, 


concentration is 
Zero. 
rate, 


observed 
rates of 


considered when 


1183 

| 
150 ; — 

100 

' 


POL AROGRAPHIC 
, DETERMINATION 
pu 4 OF OXYGEN 
[A 
| 
AERATION 
VOLUME OF fee. | 
ABOUT | LITER 
| 
® | 
DIFFUSER \ 
2 
AIR 


FIGURE 4.—Apparatus for measurement 
of oxygen transfer. 


Quantity of Oxygen Required 


The amount of oxygen required by 
a biological oxidation system is most 
conveniently expressed in terms of the 
work accomplished. Hence, a conveni- 
ent relationship is pounds of oxygen 
required per pound of COD or BOD 
removed. In these studies, use of COD 
removed is convenient and is 
tially equal to ultimate BOD removed. 
This condition is true because in the 
utilometer loss of organic material due 
to volatilization is small. Therefore, 
COD differences and BOD differences 
measure the same removals of material. 


esseli 


The oxygen requirement is constant 
for a system that is in equilibrium with 
a constant food supply. If the type of 
food supply or rate of food applica 
tion is changed, the oxygen require 
ment may change. The net result de- 
pends on how much of the food supply 
is oxidized and how much is synthe- 
sized to sludge. 

The COD removed is determined by 
analysis of filtered samples of the efflu- 
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ent and aeration mixture and a clari- 
fied sample of the feed. The net COD 
balance related to oxygen uptake for 
a particular run defines oxygen de- 
mand. 
Quantity of Sludge Produced 

Under certain conditions a carefully 
determined solids balance can indicate 
solids production during a definite pe- 
riod of operation of the utilometer. 
Characteristics of the waste must be 
constant if this approach is to be 
workable. If the strength and content 
of the wastes are variable, sludge pro- 
duction will vary, and a large amount 
of data will be needed to define an 
average. If these conditions occur, eal- 
culation of sludge production is sug- 
vested as follows: 


organic material removed = organic 
material oxidized + organic material 
synthesized to sludge. 
This relationship is true, but it refers 
to the fate of organic material that is 
removed rather than to the balance of 
reactions in the aeration mixture. In 
the aeration mixture, part of the ex- 
sludge will 
Thus, 
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FIGURE 5.—Examples of oxygen transfer 
data obtained with laboratory apparatus. 
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By rearrangement, 


total synthesis = organic material re- 
moved + sludge oxidized — oxygen 
uptake. 


Therefore, the net amount of synthesis 
is expressed by 


total synthesis — sludge oxidized = 
organic material removed — oxygen 
uptake. 


Therefore, the net production of 
sludge can be calculated from data ob- 
tained with the utilometer. Sludge to 
be wasted can be estimated by a solids 
balance around the aeration mixture. 
A solids balance would account for sol- 
ids in the elarified feed and the clari- 
fied effluent as well as sludge. 


Recommended Experimental Procedure 


The basic objective of the experi- 
mental procedure is to define how an 
activated sludge unit may be designed 
to handle the important variables and 
obtain a specified performance. A 
variation of detention time will be ac- 
companied by variable effects of other 
variables, including final performance. 
The continuously-fed oxygen utilom- 
eter can be operated as a prototype 
apparatus, and performance can_ be 
observed at various detention times. 
This apparatus permits the collection 
of design data more quickly than can 
be accomplished by trying to evaluate 
the important variables independently. 
This following procedure is recom- 
mended : 


1. Equilibrate a culture of activated 
sludge to the waste at a particular 
detention period. To begin the ex- 
perimental evaluation, select the deten- 
tion period in hours by dividing the 
average BOD of the waste in mg/I] by 
10. This approximation assumes that 
about 60 per cent of the BOD removed 
will be oxidized and that an oxygen 
uptake rate of about 25 mg/I/hr is 
minimum. 

2. Composite the feed samples over 
a period equal to the detention period 


DESIGN DATA FROM OXYGEN UPTAKE 


1185 


being studied in the utilometer. This 
will account for variations in the char- 
acteristics of the waste. 

3. At the selected detention period, 
feed the composites in the order that 
they were collected. For a_ period 
during the feeding of each composite, 
determine: (a) the quantity and rate 
of oxygen uptake; (b) the COD of 
the feed, of the aeration volume, and of 
the effluent; and (¢c) the suspended 
solids in the aeration mixture (see 
Appendix). BOD values for the feed 
and effluent should be taken to estab- 
lish the efficiency of BOD removal. 
A number of composites should be ex- 
amined to establish limits in perform- 
ance data. 

4. When results have been estab- 
lished at one detention period, decrease 
the detention period by increasing the 
feed rate. Collect a new set of data 
at the new detention period. 

5. Continue to decrease the deten- 
tion period until the activated sludge 
system becomes overloaded. Overload 
is usually apparent as a decrease in the 
efficiency of BOD or COD removal or 
as a very turbid effluent from the sys- 
tem. 


Interpretation of Results 
Synthetic Waste 


The relationship of data obtained 
with the utilometer can be better un- 
derstood through results from treat- 
ment of a simple waste. The data in 
Figure 6 were obtained by treating 
a dextrose solution. An extended 
‘ange of detention periods was em- 
ployed to show the balance between 
design factors. At long detention 
periods, with the system lightly loaded 
with organie material, oxygen con- 
sumed per unit of COD removed was 
relatively high, while sludge produc- 
tion was low. This relationship shows 
the normal balance in the oxidation- 
synthesis reactions. 
tion 


The long deten- 
period permitted a significant 
amount of sludge oxidation. Thus, the 
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FIGURE 6.—Utilometer data using 1,500 mg/l dextrose as waste. 


net result was a large amount of oxi- 
dation and a low production of sludge. 
As the detention period was shortened, 
the amount of work accomplished per 
unit volume of aeration capacity in 
creased. The amount of sludee OXI 
dation became less significant, and the 
net result was more sludge production 
and less oxygen consumption per unit 
of COD removed. 

Oxygen uptake rates and BOD re- 
movals reflected the organie load ap- 
plied to the system. The decline in 
BOD removal at detention periods less 
than about 8 hr showed capacity load- 
ing for the system. As the organic 
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load to the system was increased 
through higher feed rates, oxygen up- 
take rates increased in proportion to 
the food supply. 

The results from experimental de- 
termination of the balance of oxygen 
consumption and sludge production 
versus COD removed are reason- 
able agreement with theory: 

wt. utilized 
wt. COD removed 

jy Wt. volatile sludge produced ; 
wt. COD removed 


The agreement suggests that caleula- 
tion of sludge production is practical. 
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FIGURE 7.—Treatment efficiency for organic chemical waste as indicated by 
the utilometer, 
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FIGURE 8.—Rate of oxygen demand of organic chemical waste. 


Weston and Eckenfelder (2) deter- 
mined the ultimate BOD of cell ma- 
terial to be 1.42 g/g. This factor con- 
verts sludge to oxygen equivalent. 

At detention periods, 
pended solids in the effluent were low, 
but the sludge volume index was high. 
As the system was more heavily loaded 
with organic material, the sludge vol- 
ume index improved. With detention 
periods less than about 4 hr, the bio- 
logical growth was mostly in the log- 


longer SUS- 


1.0 


OXYGEN REQUIREMENT, LB QO, PER LB COD REMOVED 


arithmic phase. Ilence, the growth be- 
came dispersed and the system failed. 

Results obtained with the synthetic 
feed show expected performance char- 
acteristics. Similar relationships can 
be established for any organic waste 
that is amenable to biological treat- 
ment. 


An Industrial Waste 


The continuously-fed oxygen utilom- 


eter was used to determine design 
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FIGURE 9.—Oxygen requirement for biological treatment of organic 
chemical waste. 
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FIGURE 10.—Development of design factors for activated sludge treatment of 


data for an activated sludge unit for 
a large chemical plant. The wastes 
discharged varied in BOD strength 
and types of organics. At times, the 
were’ biostatice to a degree. 
Under these conditions, performance of 
the activated be 
expected to vary from day to day. 
This an 
sideration in 


wastes 


sludge process can 
variation is 
the 


important 


selection of 


con- 
design 
factors. 

and 9 show the degree 
of variation in the results. The spread 
in the results illustrates the effect that 
variations in the characteristies of the 
waste have on performance of the acti 


Figures 7, 8, 


vated sludge process. At the same 
time, the trend in the data shows the 
same relationships previously illus- 
trated with the dextrose waste.  In- 


terpretation of the data for design pur 
shown in 10. The 
the results as they 
should be used for design purposes. 


poses is Figure 


curves express 

Net production of sludge was ealeu- 
lated by utilizing the curve in Figure 
Cal 
culation was based on the relationship 


9 for minimum oxygen demand. 


previously discussed, which may be ex- 


pressed as 


organic chemical waste. 


wt. volatile sludge produced 
wt. COD removed 
1 — wt. oxygen demand 
of COD removed 


The calculated curve represents the 
expected maximum production of 
This caleulation could be re- 
fined further by predicting the quan- 
tity of sludge to be wasted: 


sludge. 


sludge wasted sludge produced 


— sludge discharged in the effluent. 


Any of the detention periods in 
Fieure 10 could be selected for design 
purposes. However, the one 
must depend on the particular situa- 
tion for the waste disposal problem. 


selected 


If the waste volume is small, work per- 
formed by the aeration volume may 
be sacrificed to get less sludge produc- 
tion and a process that requires less 
attention. If the detention period is 
long enough, sludge to be wasted will 


be negligible because losses in the ef- 
fluent will equal sludge production. 
Under conditions where the volume 
of waste is large, economical construc- 
tion and operation of 


the activated 
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sludge process may require that the 
process be heavily loaded. Hence, the 
shortest practical detention period may 
be desired. One set of data not shown 
in Figure 10 is important in this de- 
cision. At higher BOD loadings, the 
quantity of suspended solids in the 
effluent increases significantly since the 
activity of the culture approaches a 
logarithmie growth rate. For the in- 
dustrial waste studied, high turbidity 
in the effluent was evident at deten- 
tion periods of less than 15 hr. There- 
fore, a minimum detention period of 
15 hr was selected. 

At a 15-hr detention period, the 
design factors are defined as: an oxy- 
gen uptake rate of 110 mg/I/hr, an 
oxygen demand of 0.7 lb per lb of COD 
removed, and a net sludge production 
of not more than 0.4 lb per lb of COD 
removed. When obtained by the pro- 
cedure described, the seale of the 
equipment should not limit the useful- 
ness of the data. 
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Summary 


A continuously-fed oxygen utilom- 
eter, which can be utilized to deter- 
mine design data for the completely- 
mixed activated sludge process, has 
been developed. Careful use of the 
apparatus and procedure permits the 
development of design data in terms of 
rate of oxygen uptake, oxygen demand, 
sludge production, and per cent BOD 
removal. The fact that the apparatus 
is bench-scale is not a serious hindrance 
to the use of the data for 
purposes. 


design 
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APPENDIX 


Operational Procedure 


The data obtained from the continu- 
ously-fed oxygen utilometer must de- 
fine the balance of biological activity 
in the system. 


Preparation of the Utilometer for a 

Run (See Figure 2) 

1. Remove the aeration mixture. 

2. Clean thoroughly all surfaces in 
the equipment that contact the aera- 
tion mixture. 

3. Replace the caustic and acid in 
the scrubbers. This should be done 
frequently. 

4. Remove a sample for COD analy- 
sis. Record the volume of the aeration 
mixture to be returned to the aeration 
kettle. 

5. Replace the aeration mixture and 
supply air from an external source 
with the system open to the atmosphere. 

6. Fill the oxygen reservoir with 


oxygen and permit the oxygen to come 
to room temperature. 


Collection of Data 


1. Start the feed, and as soon as ef- 
fluent is being discharged through the 
liquid seal, remove the external air 
supply and start the air pump. If 
the feed rate is slow, distilled water 
may be added to the aeration mixture 
to replace the liquid volume removed 
for COD analysis. This will eliminate 
a long waiting period. 

2. Make sure that the oxygen reser- 
voir is at atmospheric pressure. 

3. Close the system and open the 
stopeock between the oxygen reservoir 
and the resin kettle. Reeord immedi- 
ately the temperature in the system 
and atmospheric pressure. 

4. As oxygen is utilized, the pressure 
in the system will decrease. Add wa- 
ter from the burette to adjust pressure 
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in the system until it is equal to 
atmospherie pressure. 

Periodically record the total vol 
ume of water added. Also record tem- 
perature in the system and atmospheric 
pressure. 

6. Throughout the run, collect the 
total effluent discharged. Compare vol- 
ume discharged with volume fed to 
make sure that volume in the resin 
kettle has not changed. 

7. After operation of the equipment 
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atmosphere and supply air from an 
external source, 

8. Determine suspended solids in the 
aeration mixture. Determine COD on 
filtrate from a sample of aeration mix- 
ture. 

9, Determine COD and BOD values 
of the feed and a filtered sample of 
the effluent. 

10. Determine suspended solids in 
the clarified feed and the effluent. 

11. Caleulate oxygen utilized. 


for a period which defines the amount 12. Other determinations can be 
and rate of oxygen uptake (preferably made, such as: ORP, SVI, or chlorine 
about 3 hr), open the system to the demand. 
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Since 1953 the number of industrial 
plants using radioisotopes the 
United States has increased three times 
and the total ecuries of radioactivity dis- 
tributed in the same period has multi- 
plied 18 times. By November 30, 1958, 
1,463 industrial organizations had been 
authorized to use radioisotopes for in- 
dustrial purposes (1). By July 1959 
this number had increased to about 
2,000. Present indications are that 
this growth will continue for some 
time. While much of the present uti- 
lization results from industrial radiog- 
raphy, thickness gaging, and oil well 
logging, research and development are 
pointing the way to additional appli- 
cations. 

It is inconceivable that sewage and 
industrial wastes handling will remain 
untouched by this utilization of atomic 
energy for industrial development, 
even though the disposal of radioactive 
wastes is regulated by the Atomie En- 
ergy Commission. It is the impact of 
this growing giant on present proce 
dures which will be discussed. 

Of the three kinds of radioactive 
wastes (solids, liquids, and gases) this 
paper deals solely with liquid wastes. 

Waste treatment in general is an un- 
wanted problem. treatment 
does not, in many cases, get the atten- 


Sewage 


tion it deserves until a community is 
faced with a river so polluted that it 
ean no longer be used for recreational 
purposes or as a source of water sup- 
ply to other communities downstream. 
Similarly industrial are not 
usually adequately treated until the in- 
dustry is foreed to do so because of 


wastes 
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Texas Water and Sanitation Research Founda- 
tion; San Antonio, Tex.; 1958. 
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unsightly river conditions or because 
new regulations force compliance. This 
is due to the fact that both sewage and 
industrial waste treatment cost money 
and seemingly there is no return on 
the investment except in terms of pub- 
lie relations. There are, of course, ex- 
ceptions to this rule. In the case of 
atomic energy applications, the Atomic 
Energy Commission regulates the dis- 
posal of radioactive wastes (2). 


Definition of Radioactive Wastes 


Much has been written in the public 
press about the magnitude of the waste 
disposal problem in atomie energy in- 
stallations. Other liquid wastes are 
normally routed into the nearest drain. 
But no thinking individual would con- 
sider doing this with radioactive liq- 
uids any more than he would consider 
dumping gasoline into a sewer. The 
hazards are different but nonetheless 
they are hazards. 

Before any industrial waste is dis- 
carded, two questions must be asked 
and answered : Is it hazardous to people 
or property? Is it valuable? Many 
industrial wastes are, or could be, valu- 
able. Klassen (3) 
statement 


makes the following 


relative to atomic wastes: 


‘*Man-made atomic energy is a_rela- 
tively new industry and, like all new 
industries, has new problems of dispos- 
ing of its industrial wastes, or as | 
rather eall it, industrial 
residues, for they may not be wastes 
but products of reclaimable value.’’ 
Radioactive liquid wastes may be 
classified as high-level, medium-level, 
and low-level. High-level wastes are 
those in which activity is measured 
in thousands of curies; a curie being 
the amount of radioactivity equivalent 
to 2.2 x 10'* disintegrations per min- 
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into being 
when uranium or plutonium is recov- 
ered from spent reactor fuel rods and, 
of course, require shielding and con- 
tainment for radiation protection. 
Intermediate wastes are those having 
activity some 10° to 10°C below that of 
the high-level ones and they require 
Low-level 
industries, hospitals, and 
laboratories and 


ute These wastes eome 


some shielding wastes are 
from 


research 


those 
their activ- 
ity is measured in milli- or microcuries. 
These from the use of 
radioisotopes and are the ones which 
are of interest to 
industrial wastes personnel. 


wastes come 


most sewage and 


Some Uses of Radioisotopes 
Dr. Willard Libby of the Atomic En- 


ergy Commission *, speaking before the 
Second United Nations International 
Conference on Peaceful Uses of Atomic 
Energy in Geneva in September 1958, 
made the following statement: 


‘*The economic importance of radioiso 
topes is amply illustrated by the experi 
American industry. We 
estimated the tangible contributions of 
radioisotopes to the U. S. national economy 
from industrial uses as 1953, 
$100,000,000; in 1956, $400,000,000; and 
in 1957, $500,000,000 ... and it appears 
reasonable to anticipate that the figures 
will soon total one billion dollars annually ’’ 
(4). 


ence of have 


follows: in 


Some of the specific uses of radioiso- 
topes are described below. 

If dynamite remains unexploded in 
drill holes it is a hazard. It has been 
found that the hazard may be reduced 
or eliminated if Sb'** (7 me/250 Ib 
explosive) is mixed with the dynamite 
constituents during manufacture, thus 
providing a means whereby the dyna- 
mite can easily be detected. In this 
case a radioisotope with a fairly short 
half-life was needed in order to avoid 
accumulation of radioactivity in stores 
and explosion sites. The radioisotope 
also had to be non-toxie in the atmos- 
phere, compatible with the explosive, 


* Resigned from the Commission June 30, 
1959. 
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and insoluble in water. In addition the 
gamma ray energy was required to be 
high enough for easy detection. All 
of these properties were found in Sb'** 
which has a 60-day half-life and gamma 
ray energy of 1.7 and 0.6 Mev (5). 

The radioisotope C'* is being used to 
fuel distribution in automo- 
bile engines (6). The performance of 
au automobile engine is noticeably lim- 
ited by the failure of the intake system 
to supply equal amounts and qualities 
of fuel to all of the cylinders. It is 
desirable that such additives as tetra- 
ethyl lead, for example, be divided 
among the cylinders in such a way as 
to provide maximum effectiveness. If 
tetraethyl lead is tagged with C'™ at 
a level of 0.5 me/ml, it ean be readily 
traced after addition to a fuel in a 
concentration of 3 ml/gal. When such 
a fuel is burned in an engine, the 
various concentrations of tetraethyl 
lead received by the separate cylinders 
can be determined by comparing the 
specific activities of the CQO. in their 
combustion gases. These activities are 
measured in an ionization chamber of 
the continuous-current type. 


measure 


Radioactive tracer methods have 
helped solve two problems in operating 
refinery catalytic-cracking units: (a) 
the mixing behavior of fluidized cata- 
lyst, and (b) deactivation of fresh 
catalyst Any one of the three 
isotopes (Ce'*, Cr°!, or Set*) is ad- 
sorbed strongly onto the surface of 
either fresh or equilibrium silica- 
cracking catalyst from a 
somewhat acidie aqueous solution of 
the trichlorides. The tagged catalyst, 
after drying, shows no loss of radioac- 
tivity after 2 hr heating in air at 
1,000°C and the adsorbed isotopes are 
not volatile under high temperature 
conditions. The known chemistry of 
cerium, chromium, and seandium indi- 
cates that the free metals and their 
oxides, hydrides, nitrides, carbides, and 
carbonyls would be non-volatile under 
conditions of use in commercial units. 
With Sec* in solution at a pH of 4, 
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distribution is essentially perfect. One 
millieurie of Se*® uniformly mixed 
in 500 tons of catalyst is all that is 
required. Sc*® has a half-life of 85 
days and a 0.89 and 1.12 Mev gamma. 

The use of radioisotopes is not only 
a money-saving device, but in many 
cases, their use makes possible an op- 
eration, test, or knowledge which can 
be obtained in no other way. A leak- 
testing device (8), using the radioiso- 
tope Cs™* to find leaks in repeater 
amplifiers of a transatlantic voice cable, 
has been developed. The requirement 
here was that the radioisotope have a 
short half-life, be a high hard gamma 
emitter, and be cheap. Cs'* has a half- 
life of 2.3 yr, a 2 Mev gamma, and 
costs $1 per me. To pull up a repeater 
in a transatlantie voice cable would 
have cost a quarter of a million dollars! 

Another unusual use of radioisotopes 
is the testing of home laundering pro- 
cedures by the use of C'* (9). 

The subject of the various uses 
which can be made of radioisotopes is 
a fascinating one. And because of this 
fascination, it is hard for most people 
to become interested in one of the in- 
evitable by-products of their use, 
namely the wastes. But wastes accu- 
mulate and they must be handled. 


Radioisotope Waste Disposal 


Atomic Energy Commission Require- 
ments 


Individuals or organizations desiring 
to use radioactive materials are re- 
quired to obtain a license except in 
instances where only tracer quantities 
of certain isotopes are used. In order 
to obtain a license, it is necessary to 
furnish information with respect to 
the use to be made of the isotope and 
the method of disposal to be used. 
These regulations are set forth in Parts 
20 and 30 of the U. S. Code of Federal 
Regulations (2). The license is ob- 
tained by writing to the Division of 
Licensing and Regulation, Atomie En- 
ergy Commission, Washington 25, D.C, 
It is possible to obtain microcurie 
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quantities of 65 isotopes from commer- 
cial organizations which have been 
licensed by the Commission. The 
amounts available range from 0.1 pe of 
Y*, and Po*'® to 250 we quanti- 
ties of tritium. The others are avail- 
able either in 1, 10, or 50 pe lots. Ree- 
ords must be kept by the commercial 
firms selling these tracer quantities so 
that the Commission is fully informed 
at all times on how and to whom they 
have been distributed. 


Methods of Disposal of Radioisotopes 


What happens to these radioisotopes 
after they have served their purpose? 
Many of them, of course, have decayed 
to safe levels by the time the experi- 
ment is coneluded. For example, As** 
has a half-life of only 38 hr while ['*? 
has an 8-day half-life. Others are 
incorporated in devices which are 
never disposed of, such as thickness 
gages. Ideally the isotope should be 
allowed to decay for completely safe 
disposal but in some cases this may 
be impracticable. For those isotopes 
which are ionized, mixed-bed ion-ex- 
change columns are recommended. Af- 
ter passage of the liquid through a 
mixed-bed resin, the radioactivity will 
be retained on the resin. The mixed 
resins should be high-capacity ones. 
The cation resin should be a strongly 
acidic one of the polystyrene-divinyl- 
benzene type, 8 to 10 per cent cross- 
linked, in the hydrogen form. The 
anion resin should be one of the 
strongly basic amine types, 8 per cent 
cross-linked, in the hydroxyl form. 
After exhaustion, which in the case 
of a mixed-bed exchanger could be 
roughly indicated by conductivity 
measurements of the effluent followed 
by an assay for radioactivity before 
disposing of the effluent, the resin may 
be disposed of either by storing and 
allowing the radioactivity to decay or 
by sending the resin to a radioactive 
waste disposal service company. 

The above methods are recommended 
for schools, hospitals, and research lab- 
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oratories where only tracer quantities 
of radioisotopes are used. 


Problems of Disposal of 
Radioisotopes 


In some cases, however, the people 
who get tracer quantities of radioiso- 
topes may not be as careful as they 
should be. If such materials are care- 
lessly disposed of or accidentally 
thrown away, what happens then? Per 
haps this problem can best be discussed 
in terms of a particular radioisotope, 
for example P**, which has a half-life of 
14.3 days and is used for many experi- 
ments in agriculture and in schools. 
According to the U. S. Code of Federal 
Regulations a person may obtain 10 pe 
from commercial organizations which 
are licensed to sell radioisotopes. It is 
permissible to discharge into a sewer or 
watercourse no more than 2 X 10° 
pe/mil. 

A hypothetical example may be help- 
ful in outlining some of the problems. 
For this, assume a community of 12,000 
population in which a college, a hos- 
pital, and several small industries are 
located. Assume that the college had 
legally obtained of P®?, the hos- 
pital had on hand 100 pe, and one 
small industry had also 100 pe. Fur- 
ther assume that the community has a 
small sewage treatment plant which has 
a flow of 1.2 mgd and discharges its 
effluent into a stream, the water from 
which is used by the next community 
downstream as its source of water sup- 
ply. Under these circumstances, would 
the accidental discharge of the total 
amount of P*? held by the aforemen- 
tioned groups be hazardous to anyone? 

On the basis of a flow of 1.2 mgd at 
the sewage plant (or 50,000 gph) and, 
with a 2-hr detention period in the 
settling tanks, it can be assumed that, 
even if all of the 210 pe of P** were 
discharged at the same time, it would 
be mixed at the sewage treatment plant 
with 100,000 gal of sewage. On this 
basis, even if all of the 210 pe of P* 
were retained in the effluent, there 
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would be only 5.5 X 10°* pe/ml in the 
effluent, a safety factor 36 times greater 
than that required by the U. 8. Code of 
Federal Regulations, since it is permis- 
sible to discharge 2 X 10-* pe/ml. 

The above hypothetical example has 
been used for two reasons: (a) to 
show that a factor of safety has been 
written into the U. S. Code of Federal 
Regulations; and (b) to awake city, 
county, and state agencies to the fact 
that, if they have not already done 
so, they must be prepared to analyze 
for radioactivity. In the future this 
test may become as important in water 
works operation as_ bacteriological 
analyses and as important in sewage 
plants and on stream surveys as the 
biochemical oxygen demand determina- 
tion. 

Texas is aware of this problem as 
was pointed out in a paper on radio- 
activity in Texas streams by Drynan 
and Gloyna (10). In a panel discussion 
on the monitoring of stream water 
quality (11) one of the objectives was 
to determine background data on cer- 
tain types of wastes, such as chlorides 
and radioactivity. 

The USPHS had as its objective in 
1958 the establishment of 50 water 
sampling stations on the Great Lakes 
and interstate streams of the U. Ss. 
Forty-four of these sampling stations 
are in operation; the other six are 
being planned. In addition to the 
usual analyses, total beta radioactivity 
is determined. Sampling stations are 
located on the Columbia, Missouri, 
Mississippi, Colorado, Rio Grande, Red, 
Arkansas, Tennessee, Savannah, Ohio, 
Delaware, Connecticut, and Merrimac 
Rivers, in addition to the Great Lakes. 

Another group which is alert to the 
dangers of radioactivity is the Metro- 
politan Water District of Southern 
California at La Verne, California 
(11). Water samples from Lake Mead 
and Lake Havasu are examined month- 
ly for both alpha and_ beta-gamma 


activity. Monthly composite samples 
of the raw and treated Colorado River 
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water are likewise assayed for radio- 
activity at the water treatment plant. 


Factors Determining Disposal 


The determining factors for radio- 
active waste disposal are volume, radio- 
activity level, pH, and amount of total 
and suspended solids. Perhaps a brief 
description of the methods used at the 
Argonne National Laboratory for han- 
dling liquid radioactive wastes would 
be of interest. These same methods 
may be used by any group which is 
faced with the problem of handling 
radioactive wastes from many research 
experiments. 


Methods Used at Argonne 

Radioactive wastes are segregated 
from non-radioactive wastes in order 
to keep the volume of the radioactive 
wastes to a minimum. In addition, as 
a factor of safety, all drains from 
laboratory experiments go to 1,500-gal 
retention tanks in order to catch any 
accidental spills of radioactivity. These 
are monitored when full and, if they 
contain radioactivity above tolerance, 
the contents are then trucked to the 
waste processing building for treat- 
ment. 

Radioactive wastes are treated by fil- 
tration, flocculation, ion exchange, or 
by evaporation. If the waste contains 
a large amount of suspended matter, it 
is filtered through porous stone filters 
and the filtrate is then analyzed. If 
the beta-gamma activity has been low 
(up to 400 dpm/ml) and if the activity 
was adsorbed on the suspended matter, 
this is all the treatment the waste may 
require. However, this is very seldom 
the case as most radioactivity is in 
solution. When the dissolved solids are 
less than 1,000 mg/l, the waste is fil- 
tered and passed through a cation ex- 
change column. 

In cases where the waste has about 
the same amount of activity as above 
but in which the total solids are over 
1,000 mg/l and the pH between 2 and 
4, sodium hydroxide is added to the 
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waste to obtain a pH of 13 and then 
the waste is flocculated. This process 
gives a decontamination factor of 10 to 
20, depending on the particular radio- 
nuclides. For wastes which have a 
beta-gamma activity of around 10'- 
10° dpm/ml and total solids greater 
than 1,000 mg/l, evaporation is used. 
Wastes are concentrated to 20-per cent 
solids in the evaporator and then these 
bottoms are further handled in a so- 
called concentrator, which is a steam- 
jacketed kettle operated under vacuum. 
The intention is to concentrate to such 
an extent that, on cooling, the bottoms 
will solidify. None of the processes 
described here require shielding for 
the particular wastes involved. The 
effluent, condensates, or filtrates are all 
assayed for radioactivity before allow- 
ing them to be discharged to the lab- 
oratory waste treatment plant. Here 
they mix with other laboratory waste- 
water and finally with the sewage treat- 
ment plant effluent and are again mon- 
itored. At this last point the maximum 
permissible limits for discharge into 
watercourses must be followed as given 
in Handbook 69 (12), 

At Argonne National Laboratory, 
wastes are concentrated to the smallest 
possible volume, and, even at these 
concentrations, do not require shield- 
ing. All of the concentrated wastes are 
sent to Oak Ridge National Laboratory 
for burial. 


Summary 


In this paper no attempt has been 
made to cover the treatment of high- 
level or intermediate-level wastes from 
the reprocessing of spent reactor fuel 
rods, nor has the treatment of plu- 
tonium wastes been discussed. Instead 
the growth and magnitude of the versa- 
tile new tool, radioisotopes, have been 
described, together with some of the 
specific uses of radioisotopes: New 
waste problems have come into being 
for industry as a result of the use of 
radioisotopes and new problems have 
been created for the regulatory bodies, 
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PULP, PAPER, AND PAPERBOARD WASTE CONFERENCE 


The first North American Pulp, Paper, and Paperboard Industrial 
Waste Conference is scheduled to be held at the Edgewater Beach Hotel 
in Chicago, Illinois, December 1-2, 1959. The Conference is being 


jointly sponsored by the National Council for Stream Improvement, 
Inc., Institute of Paper Chemistry, and the Sulphite Pulp Manufac- 
turers’ Research League. 


The purpose of the Conference is to accomplish an exchange of all 
pertinent basic data relating to pulp and paper industry waste disposal 
on an inter-regional basis. The program will be devoted to the broad 
problems of stream sanitation and waste treatment and waste disposal 
applicable to all types of pulp and paper wastes. 

General sessions will inelude the categories of: waste assimilative 
capacity, aquatic biology, solids removal and sludge dewatering, BOD 
reduction of strong spent pulping liquors, and BOD reduction of paper, 
paperboard, and weak pulping wastes. 

For further information contact : 


Mr. Russell L. Winget, Executive Secretary 
National Council for Stream Tmprovement, Ince. 
°71 Madison Avenue 

New York 16, N. Y. 
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Stream Pollution 


LABORATORY STUDIES OF SEWAGE EFFECTS ON 
ATMOSPHERIC REAERATION * 


By M. C. Ranp 


Chief Chemist, Middlesex County Sewerage Authority, Sayreville, N. J. 


In 1938 it was reported that domestic 
sewage, even in small concentrations, 
produced a decided reduction in the 
rate of surface reaeration of water 
(1). Certain recent publications (2) 
(3) present results of the same order 
of magnitude. However, the studies 
deseribed herein indicate that under 
somewhat different conditions the ef- 
fect of domestic sewage is not nearly 


so great. 


Apparatus for Controlled Mixing 


The experiments in which the re- 
aerating liquid was stirred utilized the 
apparatus shown in Figures 1 and 2. 
The liquid samples were contained in 
6 lucite cylinders, 6 in. in diameter 
by 414 ft in height, with flat lucite 
bottoms cemented in place. Centered 
inside each cylinder, a lucite tube 314 
in. in diameter extended from a level 
1 in. above the bottom to a level 3 ft, 
11 in. above the bottom. The purpose 
of the center tubes was to permit 
fairly exact knowledge of both the 
path of travel and the rate of travel 
of the circulating water. Without 
them, there was a marked tendency 
toward localized circulation around the 
impeller blades, so that the effective 
rate of travel from top to bottom of 
a cylinder was indefinite. The impel- 
lers extended 9 in. into the tops of the 
inner tubes. Their rotation rate was 
adjusted by means of a variable-speed 

* Paper of the Journal Series, New Jersey 


Agricultural Experiment Station, Rutgers 
University, New Brunswick, N. J.! 


transmission mounted directly on the 
motor, and by changing the pulley 
mounted on the horizontal shaft at 
the top of the apparatus. In operation, 
each cylinder was filled to a depth of 
4 ft, 2 in., which required a volume 
of approximately 20.9 1. 


Prevention of Biological Oxidation 

It was considered preferable to pre- 
vent the biological utilization of dis- 
solved oxygen, rather than to attempt 
to measure and correct for its effect. 
This decision was based on a number 
of factors. One of the most important 
was that in many of the experiments, 
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FIGURE 1.—Representative section of 
apparatus used in laboratory reaeration 
experiments. 
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FIGURE 2.—General view of laboratory reaeration apparatus. 


uninhibited biological oxidation would 
have removed from 
the system more rapidly than reaera- 
tion would have replaced it. 

In the work with tap water, mercuric 
chloride was added to give a final con- 
centration of 20 mg/l. 


dissolved oxygen 


This conecen- 
tration proved adequate for the con- 
trol of any potential BOD and _ pro- 
duced no undesirable effect on the 
dissolved oxygen determination nor on 
reaeration. In working with systems 
containing domestic sewage, it became 
use another toxicant for 
After much experimen- 
tation, a commercial preparation con- 


necessary to 


this purpose 


taining phenylmercurie acetate and a 
colloidal copper-silver alloy was found 
the The 


to be suitable for purpose. 


material is marketed under the trade 
name ‘*Slimodyn.”’ 


Tap Water Studies 


The studies conducted with tap wa- 
ter amounted in a certain sense to cali- 
bration of the equipment. To evaluate 
the effects of added sewage, it was first 
necessary to determine the reaeration 
rates in tap water under conditions in- 
cluding all those to be studied later in 


the presence of sewage. 
Experimental Method 


In preliminary studies, a number of 
experiments were performed in which 
the course of reaeration was followed 
by determining dissolved oxygen re- 


peatedly in the same system after vari- 
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ous time intervals. In all such experi- 
ments it was found that the data fit 
the first-order reaeration formula in 
the form developed in an earlier phase 
of the study (4) 

log U;=log U,— ke (At) ....(1) 
within the analytical accuracy of the 
dissolved oxygen determinations. The 
same formulation, with varying values 
of ky, was found to apply to quiescent 
systems and to systems stirred in vari- 
ous ways. These observations were in 
agreement both with the theoretical 
concept of the reaeration rate as a 
function of undersaturation, and with 
the observations of other authors (2) 
(3). 

If the first-order formula is consid- 
ered applicable, it is possible to caleu- 
late the value of the constant k. from 
only two analyses for dissolved oxygen, 
taken before and after a known inter- 
val of elapsed time. In practice, a 
single determination of ky. by this tech- 
nique is not altogether satisfactory, 
since the possibility of analytical 
errors in determining the undersatura- 
tion, about + 0.1 mg/l, results in too 
much uncertainty about the true value 
of ke. There are several possible meth- 
ods for improving the precision of the 
observations : 


1. A reaerating system may be 
analyzed for dissolved oxygen numer- 
ous times as reaeration proceeds, and 
ky may be caleulated by the method of 
least squares. 

2. The dissolved oxygen analyses 
may be replicated at the beginning and 
end of the experiment, in order to im- 
prove the precision of the undersatura- 
tion values used for caleulation of ke 
from the two observed points. 


3. The entire reaerating system may 
be replicated, and the ky values deter- 
mined independently in each system, 
then averaged to give the most prob- 
able value of ke under the conditions 
represented by the experiment. 

4. Various 


combinations of these 
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techniques are possible. 


For example, 
replicate 


reaerating systems, replicate 
analyses, and analyses at several time 
intervals in each system might all be 
used, or any two of the methods might 
be combined. 


For the purposes of this study, it was 
believed that there was some advantage 
to be gained by replicating the entire 
reaerating system. Although this 
method of replication involved han- 
dling much larger volumes of water 
and sewage than would have been re- 
quired for any other technique, it had 
the advantage of providing for the 
cancellation of any slight differences of 
stirring, sample composition, or con- 
struction of the equipment which might 
otherwise tend to influence the results. 
On this basis, all the replication per- 
formed consisted in replicating the en- 
tire experiment. Rather than using 
replicate analyses, or analyses at vari- 
ous time intervals, several reaerating 
units were used, or repeat experiments 
were performed, to attain the precision 
of ky which was considered necessary. 

To determine reaeration constants, 
the columns of the mixing apparatus, 
or unstirred columns of the same di- 
mensions, were filled to a depth of 4 
ft 2 in. The biological inhibitor 
(mercuric chloride or Slimodyn) was 
added in the quantity required to give 
the desired final coneentration. The 
contents of the columns were then 
partially deaerated by passing com- 
pressed nitrogen through a carborun- 
dum diffuser dropped nearly to the 
bottom of each column. Stirring was 
started and dissolved oxygen was deter- 
mined in the contents of each column. 
The time at which each sample was 
taken was noted. The temperature of 
the liquid and the barometrie pressure 
at the time of sampling were recorded. 
The solubility of oxygen at the proper 
temperature was taken from the tables 
of Truesdale, and Lowden 
(5), and corrected for barometric pres- 
sure P by multiplying by the factor 
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P/29.92. The difference between the 
solubility and the observed dissolved 
oxygen concentration was recorded as 

Reaeration was allowed to proceed 
for one to four days, depending on 
the rate of stirring. Each column was 
again sampled and analyzed for dis- 
solved oxygen, and this figure was used 
with the liquid temperature and baro- 
metrie pressure to calculate the under- 
saturation by the method just de- 
seribed. 

The first-order reaeration constant 
ko was ealeulated for each column from 
Equation 1. Time was expressed in 
days, giving fk». the units of reciprocal 
days. 

The two temperature observations in 
a given column were averaged together. 
The resulting temperature was consid- 
the temperature of the 
column during the experiment, and the 
value of ke was corrected to 20° by 
applying the formula 


ered mean 


ko (at 20°) 
ko observed T) 


where 7 represents the temperature. 
The value of 6, 1.047, was taken from 
Streeter et al. (6). 

The replicate values of hk. thus sepa- 
rately determined were then averaged 
arithmetiecally, and the resulting mean 
value of ky was taken as the most prob- 
able figure. The corresponding values 
of the constants f, r,, and r; were read- 
ily caleulated from ke whenever they 
were needed. 

In all the studies of this series, the 
determinations of 
were performed by the polarographic 
method (7). 


dissolved oxygen 


Results 


The results of a number of determi- 
nations of the reaeration rate in tap 
water containing 20 mg/l of mer- 
curie chloride, at various rates of eir- 
culation in the mixing apparatus, are 


presented graphically in Figure 3. The 
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graph shows the data to be in a straight 
line. 

From the individual determinations 
of ke, the equation for the straight line 
of best fit was calculated by the method 
of least squares. In this calculation, 
each of the observed points was consid- 
ered individually. The resulting equa- 
tion was 


ke = 0.0594 + 0.325M 


where M represents the circulation rate 
in eyeles per minute. The line plotted 
in Figure 3 is the graph of the equa- 
tion. 

After the propellers in the mixing 
apparatus were changed, it was con- 
cluded from the close agreement be- 
tween the reaeration constants observed 
with the new propellers and those eal- 
culated from the circulation rate that 
recalculation of the equation was not 
necessary, since the same relationship 
between the rates of circulation and 
reaeration was evidently applicable. 
The reaeration constants determined 
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REAERATION CONSTANT, ko, PER DAY 
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CIRCULATION RATE, CYCLES /MIN 


FIGURE 3.—Variation of reaeration con- 
stant with circulation rate in tap water con- 
taining mercuric chloride. 
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with the new propellers are ineluded 
in Figure 3. 


Solubility of Oxygen in 
Domestic Sewage 


The solubility of atmospheric oxygen 
in domestic sewage was redetermined 
in connection with this work, for the 
purpose of indicating whether the ab- 
solute rate of reaeration in the pres- 
ence of sewage results from reduced 
solubility of oxygen, or from a change 
in the rate of approach to the equi- 
librium dissolved oxygen concentration. 


Experimental Method 


Samples of sewage were brought to 
constant temperature and aerated with 
diffused air. Subsamples were taken 
and analyzed for dissolved oxygen re- 
peatedly during the aeration, at inter- 
vals of about 30 min, until no further 
increase of dissolved oxygen concentra- 
tion was observed. The aeration was 
continued about 2 hr longer, and the 
analysis was repeated, to demonstrate 
that equilibrium had truly been at- 
tained. 

Before each experiment, the sewage 
to be used was heat-treated by boiling 
for about 15 min. There was no at- 
tempt to keep the sewage sterile during 
the experiment. The purpose of this 
procedure was to reduce the microbial 
population of the sewage to such a 
point that biological utilization of oxy- 
gen would not oceur at a rate suffi- 
ciently high to affect the equilibrium 
significantly. Although absolute steril- 
ity was not considered necessary for 
this purpose, reduction of the relatively 
high microbial population of sewage 
did seem to be a desirable precaution. 

The polarographic method was em- 
ployed for the dissolved oxygen de- 
terminations. Before each analysis, 
the instrument was calibrated on a 
sample of 0.01 M KCl, saturated with 
air at the same temperature as the 
sewage to be analyzed. The concentra- 
tion of dissolved oxygen in these stand- 
ards was calculated from the published 
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TABLE I.- Solubility of Atmospheric Oxygen 


in Domestic Sewage 


Solubility, Per Cent of 
Distilled Water Value 
Temperature Sewage 
(* (per cent) 
Average Range 
10 100 98.0 95.0-102.8 
10 25 100.3 98.0-100.8 
10 10 98.5 98.1-98.8 
20 100 99.7) | 94.8-103.7 
20 25 101.2. | 98.4—105.4 
20 10 97.7 | 95.5-100.7 
27 100 99.7 99.5-99.9 


101.3 96.0-104.9 
30 25 98.4 96.6-100.6 
30 10 98.2 96.0-102.5 


figures for the solubility of oxygen in 
distilled water and in sea water (5) 
(8). The equivalent salinity of 0.01 M 
KCI is 584 mg/l and it was assumed 
that the solubility of oxygen in this 
solution was the same as in a sea water 
dilution of the same salinity. Since 
the salinity correction is small, extreme 
accuracy in its estimation was not re- 
quired. 

Eight different sewage samples were 
used. With each sewage two separate 
experiments were performed at 10°C, 
two at 20°C, and two at 30°C. Three 
of the sewages were diluted to 10 and 
25 per cent with tap water, and each 
dilution was similarly tested twice at 
each temperature. 

In addition, in several of the reaera- 
tion experiments, after the reaeration 
rates had been determined, compressed 
air was bubbled through the sewage 
from a carborundum diffuser, and the 
concentration of dissolved oxygen was 
determined repeatedly until no further 
increase occurred over a 30-min period. 


Results 


The results of the various determi- 
nations are compiled in Table I. It 
may be seen that none of the average 
values differs from the corresponding 
value for water by than 


pure more 


i 
Ad 
i 
. 
= 


2 per cent Only im two instances are 


the extremes of the ranges more than 
5 per cent from the distilled water 
value. It was concluded, therefore, 
that the solubility of oxygen in sewage 
is not significantly different from its 
solubility in pure water. When the 
work of Moore (9) is compared to the 
most recently published figures for the 
solubility of oxygen in pure water, 


he same conclusion results. This indi- 


cates that any effect on reaeration re- 
sulting from the presenee of domestic 

wage represents a change in the rate 
at which the system approaches equi 
librium, and not a change in the solu- 
bility of oxygen. 


Effect of Sewage Strength and 
Concentration on Reaeration 
Rate 


A fixed rate of stirring and a single 
source of sewage samples were em 
ployed in this phase of the work, in 
order to minimize the number of vari- 
ables. It was desired at this stage to 
investigate only the question of 
whether a regular relationship could 
he observed between the reaeration 
rate and the degree of pollution. 

The extent to which water is pol 
luted may be expressed on the basis 
of several different analytical criteria 
A second purpose of this part of the 


studies was to test the relative value 


of some of these indexes of pollution 
as indicators of the effect of the pollu 
tion on reaeration. 


arperime ntal Method 


As each sample of sewage was being 
collected, it was passed through a 60 
mesh wire screen, to remove coarse set 
tleable particles The eylinders of the 
mixing apparatus were filled toa depth 
of 4 ft, 2 in., which required a volume 
of ap proximat ‘ly 20.9 1 per eylinder 
When quiescent studies were conducte a0 
with the same sewage sample, unstirred 
cylinders of the same dimensions as 
those in the mixing apparatus were 
filled to the same depth. When sewage 
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dilutions were employed, the predeter 
mined volume of sewage was placed 
in each eylinder, and the cylinders were 
then filled with tap water. A portion 
of the sewage was reserved, or an extra 
portion of the sewage dilution was pre- 
pared, for use in the analyses. Ten 
milliliters of Slimodyn were added to 
each cylinder, to give a Slimodyn con- 
centration of approximately 480 mg/l. 
The contents of the cylinders were de- 
aerated by bubbling compressed nitro- 
ven through them from carborundum 
diffusers. Stirring was started, and 
the propeller speed was adjusted to 90 
rpm, giving a cireulation rate of 0.480 
cycles per minute. A 10-ml sample 
was removed from each column with 
a pipette and immediately analyzed 
for dissolved oxygen. The dissolved 
oxygen analysis was repeated approxi- 
mately two days later on the contents 
of the stirred cylinders, and after ap- 
proximately four days’ reaeration on 
the quiescent systems. In most of the 
work involving reaeration of sewage 
and sewage dilutions, the temperature 
was maintained at 20°C. In the ex- 
periments performed at room tempera- 
ture, both the dissolved oxygen analy 
ses and the observed reaeration rates 
were corrected to 20°C by methods of 
ealenlation previously discussed. The 
dissolved oxygen analyses, barometer 
readings, and, where applicable, the 
temperature readings, were used to eal- 
culate the value of ky for each cylinder, 
according to the method illustrated 
connection with the reaeration of tap 
water. After the reaeration constant 
had been so determined once in each 
eylinder, the entire group of cylinders 
was again deaerated and the reaeration 
rate was observed again, giving a total 

12 replicates for each set of eondi- 
tions. 


Results 


Each set of 12 replicate reaeration 
eonstants was combined and its mean 
value was ecaleulated. The resulting 
mean values, together with the analyti- 
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TABLE I. 


Surface | 


| 

Expt. | pop Tur- | Grease | Tension | 
(per | bidity | | Cdynes/ | 71) 
cent) | (mg/) | en | 


| 
77 9 | #17 | 27 | 10.0 698 | LS 
81 | 23 25 8.4 66.1 7.0 
7 20 31 25 | 10.1 0.3 
76 | 25 40 | 170.1 | 33 
67 100 70 48 14.0 | 705 5.0 
69 100 120 107 18.9 708 10.0 
68 100 202 103 34.8 58.8 17.6 


77 10 17 27 | 10.0 69.8 1.5 
81 13 23 25 84 66.1 7.0 
7 30 31 25 10.1 0.3 
76 25 40 35 17.0 70.1 3.2 
67 100 70 48 14.0 705 5A) 
78 100 103 84 33.6 708 1.0 
86 100 115 185 39.8 68.0 11.3 
69 100 120 107 18.4 708 10.0 
81 100 180 180 65.5 61.3 14.4 


results on the corresponding sew- 
age samples and sewage dilutions, are 
compiled in Table II. The results are 
arranged in order of decreasing re- 
aeration rate, and the experiment num- 
bers are included for convenience in 
referring to the particular experiments 
in the discussion. 


Effect of Mixing Rate 


In Table II it may also be seen that 
sewage of a given strength had about 
the same relative effect on the reaera- 
tion rate in stirred and unstirred sys- 
tems. In other words, the observed 
reaeration constant was found to be 
approximately the same percentage of 
the corresponding tap water rate, for a 
given level of pollution, whether the 
system was stirred or quiescent. This 
observation excited some curiosity as 
to how far this same relationship might 
extend—whether it was characteristic 
only of the slow movement beneath a 
smooth, unbroken surface that oceurred 
with the cireulation rate of 0.48 eyeles 
per minute, or whether the same effect 
might result from a given level of pol- 
lution under conditions of more vigor- 
ous agitation. 


(a) Crreviation Rate: 


SURFACE REAERATION STUDIES 1208 


Reaeration Constants Observed at Various Levels of Pollution 


| | 
| | | Total Solids | ke 
| Total | 
| Der 
| (mg/l) | Total — Total — Per | Cent 
| (mg/l) (me/1) (mg/l)! 1) Day | Tap 


ater 


0.48 CyeLes, MIN 


| 27.0 19.7 15.0 | 688] 37.2 | 0.212 | 98.5 
| 8&9 11.4] 10.7 6851 337 |o0201 | 93:5 
68 3.3 3.3 99.0 78.0 0.200 93.0 
6.5 | 21.0) 17.8 | 122.0] 58.0 | 0.197 | 91.5 
7.5 0.162 | 75.3 
30.0 26.8 17.6 494.0 | 326.0 | 0.139 | 64.6 
30.1 20.0 27.0 | 424.0 | 184.0 | 0.123 | 57.2 


5.0 | 688] 37.2 


19 15 | 0.0589, 99.1 
8.4 11.4 10.7 68.5 $3.7 | 0.0552) 92.9 
68 3.3 3.3 99.0 | 78.0 0.0543) 91.4 
6.5 | 21.0) 17.8 | 122.0 58.0 0.0530) 89.2 
7.5 - 0.0462! 77.8 

22.6 11.0 11.0 330.0 256.0 0.0417) 69.0 
23.1 - | 0.0407) 68.5 

| 30.0 | 268 17.6 494.0 | 326.0 | 0.0401) 67.5 

18.2 |1120) 960 | 536.0} 264.0 | 0.0351) 59.1 


| 


Subsurface Propeller Blades 


The first tests designed to answer 
this question were performed with the 
maximum propeller speed possible with 
the mixing apparatus constructed as it 
was at the time. The propellers were 
driven at 210 rpm, resulting in a eir- 
culation rate of 1.12 eyeles per minute. 
At this rate much rippling and _ rota- 
tion of the water surface were appar- 
ent. The tap water value of the first- 
order reaeration constant calculated 
from the circulation rate was 0.432. 

The results of three such experi- 
ments are presented in Table II], along 
with the results of analysis of the 
samples employed. 

For comparison of these results with 
those observed in the systems in which 
the water surface was undisturbed, two 
of the samples tested at the high stir- 
ring rate were also tested with no stir- 
ring. The results of these experiments 
are included in Table II as Experi- 
ments 78 and 86. In a quiescent sys- 
tem, the sewage having a BOD of 103 
ing/l gave a reaeration rate 69.0 per 
cent of the corresponding tap water 
value; at a circulation rate of 1.12 
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TABLE III. Results of Reaeration Experiments with Circulation at 1.12 Cycles/Min 


urbid Surface 


BOD Grease | Tension | NH2-N 

mg/l (mg/l) | (dynes/em | (mg/1) 
ent) f@ 25°C) 

50 52 $2 16.8 05 

100 105 S4 33.6 TO8 1.0 

100 115 68.0 11.3 


Suspe nded 


Solids Total Solids ke 
lotal 
N ' 
g/l Vola Vola- Per Cent 
ng g/l Ving mg/l) Water 


11.3 5.5 5.5 | 165 128 | 0.364)! 84.2 
22.6 | 1581 11.0} 330 256 | 0.296 68.5 
23.1 0.291 67.3 


cycles per minute, the reaeration rate 
was 68.5 per cent of the tap water 
rate. With the sewage having a BOD 
of 112 mg/l, the quiescent reaeration 
rate was 68.5 per cent of the quiescent 
tap water rate, and in the stirred sys- 
tem, the rate was 67.3 per cent of the 
rate calculated for tap water.  Al- 
though in both cases the percentage of 
the tap water rate is less in the stirred 
system, the differences from the results 
in the quiescent systems are insig- 
nificantly small, and it may be said 
that the sewage produced the same 
relative effect, stirred or unstirred, in 
each case. 

The result obtained in the 50-per 
cent sewage dilution reported in Table 
[11 may be evaluated as follows. From 
the data of Table IT, a graph was con- 
structed, relating reaeration rate, as 
percentage of the tap water rate, to 
the BOD (Figure 4). Although other 
analytical values could be substituted, 
the BOD was used because it appeared 
from the data of Table IT that it was 
likely to give the best estimate of the 
reaeration rate. 

From Figure 4 it would be estimated 
that a BOD of 52 mg/l should give 


TABLE IV. Comparison of Observed 
Reaeration Rates with Those 
Calculated From Figure 4 


Estimated Observed 
BOD 
mg/l Per Cent | k Per Cent | 
Tap Water | (per day) Tap Water |(per day) 
52 85.2 0.368 84.2 0.364 
103 70.8 0.306 68.5 0.296 
115 67.5 0.292 67.3 0.291 


a reaeration rate a fraction over 8) 


per cent of the tap water rate. For a 
circulation rate of 1.12 eyeles per 
minute, the calculated value of the 
first-order reaeration constant is 0.432. 
Therefore, the predicted value of ke 
in the system containing 52 mg/l of 
BOD is approximately 0.37. The mean 
of 12 replicate observed values was 
0.364. 

A comparison of the reaeration rates 
observed at the higher stirring rate 
with those estimated from Figure 4 
appears in Table IV. 

rom the foregoing, it was coneluded 
that the relationship between the level 
of pollution and the relative effeet on 
the reaeration rate might be considered 
constant up to the maximum rate of 
stirring tested. 


Additional Surface Blades 


The propeller shafts of the mixing 
apparatus were then fitted with addi- 
tional blades, so placed that they cut 
through the water surface and_ pro- 
duced relatively violent surface agi- 
tation when the mixer was in operation. 
A single experiment was performed, 
using this modification and a propeller 
speed of 180 rpm. Since it was neces- 
sary to determine the tap water rate 
in this system, because calculation of 
the tap water rate was impossible, three 
of the cylinders were filled with tap 
water and three with sewage, and the 
reaeration rates were determined four 
separate times in each column. The 
average tap water value of ke was 
found to be 2.14 per day. The sewage 
BOD was 140 mg/l. The exact posi- 
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FIGURE 4.—Relationship of reaeration rate as percentage of tap water 
rate to BOD. 


tion of the best line in Figure 4 is 
somewhat uncertain in that range of 
BOD values, but it was estimated that 
the value of ko should be roughly 64 
per cent of the tap water value. The 
observed mean value of ko in the col- 
umns containing sewage was 1.44 per 
day, which is 67.2 per cent of the tap 
water value observed in the same sys- 
tem. The ealeulated value of ky in 
sewage, 64 per cent of 2.14, would be 
1.37 per day. 


Similar Results 


It was concluded from these observa- 
tions that the effect on reaeration re- 
sulting from a given level of pollution 
is independent of the turbulence of the 
system over the range tested. How 
much farther in the direction of 


greater turbulence this same situation 
may extend, whether it applies to aera- 
tion by spraying or by diffused air, is 
not indicated by these data, and would 
have to be determined in separate ex- 
periments. 


Discussion 
Reacration and Circulation 


In the studies with unpolluted wa- 
ter, it was observed that the rate of 
reaeration bore a linear relationship to 
the rate of circulation over the entire 
range of stirring rates tested. This was 
not particularly unexpected, since re- 
aeration rates are theoretically related 
to the rate at which new, unsaturated 
water surfaces are exposed to the 
atmosphere. Nevertheless, it is of in- 
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terest that when the water is circulated 
beneath an unbroken surface, as in 
these experiments, the effect on the 
reaeration rate is uncomplicated. 
O’Connor and Dobbins (10) show that 
the reaeration rate is related to the 
rate of surface renewal by the equation 


ke (Dr)? 


where D = the diffusion constant of dis- 
solved oxygen within the 
surface film of the water; 
the fraction of the surface 
renewed per unit time; and 
I = the liquid depth. 


Therefore, the fact that /. was found 
to be a linear function of the eireula- 
tion rate indicates that the rate of 
surface renewal varied as the square 
of the circulation rate in the study 
system. 

Over an even wider range of stirring 
rates, a given concentration of domestic 
sewage produced reaeration rates 
which bore a constant relationship to 
the corresponding rates of reaeration 
of unpolluted water. 

From these two observations, it fol- 
lows that with a fixed level of pollution, 
the relationship between the rates of 
circulation and of reaeration must like- 
wise be linear. 


Diffusion Constant 


The solubility of atmospheric oxy- 
ven in sewage was found to differ in- 
significantly from its solubility in dis- 
tilled water. The decreased rates of 
reaeration Observed in the presence of 
sewage cannot, therefore, be inter- 
preted as indicating any change in the 
equilibrium, or saturation, concentra- 
tion of dissolved oxygen. Since the 
solubility of oxygen is not changed 
by the presence of sewage, the under- 
saturation for a given concentration of 
dissolved oxygen is the same with or 
without sewage present. The slower re- 
aeration in the presence of sewage 
means, therefore, that the undersatura- 
tion is satisfied at a lower relative rate. 
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This is correctly expressed as a lower 
value of ky. Referring back to Equa- 
tion 4, it appears that the factor which 
is changed by the presence of pollution 
must be the diffusion constant, since 
the depth, and presumably the rate of 
surface renewal, remain constant for 
fixed conditions of stirring. 

From Table II, it is apparent that 
the lower reaeration constants are char- 
acteristically associated with the higher 
degrees of pollution. Reading down- 
ward in any column of analytical 
values shows a general trend in the 
direction indicating heavier pollution. 
This, of course, would be expected if 
it is assumed that pollution has any 
effect on reaeration whatever. 


BOD and Reacration Rates 


Only the BOD results, however, show 
a consistent and regular change when 
arranged according to the correspond- 
ing reaeration results. In each of the 
other columns of analytical values, al- 
though the trend toward greater effect 
on reaeration with heavier pollution 
generally applies, it is possible to pick 
out pairs of experiments in which the 
results of a particular analysis seem 
to be reversed. 

In the inception of this phase of the 
work, it was anticipated that mathe- 
matical analysis of the correlation be- 
tween the reaeration rate and each of 
the analytically determined values 
would be employed, to show which 
analyses might serve best to indicate 
the effect on reaeration to be expected 
from a given level of pollution. After 
examination of the data of Table IT, 
however, it was considered obvious 
without further mathematical demon- 
stration that none of the other analy- 
ses would correlate with the observed 
reaeration rates as well as the BOD. 

This result was unexpected. <A 
change in the rate of equilibration 
across an interface can hardly be 
visualized as anything but a surface 
effect. Consequently, it was antici- 
pated a priori that the best index of 
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the reaeration 
either 


rate might be found 
in a direct observation of the 
surface properties, such as the surface 
tension, or among the analyses related 
to materials of recognized surface ac- 
tivity. Careful consideration of the 
analyses employed reveals a number 
of points which collectively may ex- 
plain the observed results. 

Surface Tension 


In the case of the surface tension, 
the range of variation is small relative 
to the precision of the determination. 
The lowest value encountered in these 
studies was 58.8 dynes/em, 13.0 
dynes/em less than the aecepted value 
for distilled water. Most of the values 
were found to be between 66 and 71 
dynes/em. Since experience reveals 
surface tension determinations usually 
to be subject to errors of five per cent 
or over, the variations within such a 
narrow range can hardly be regarded 
as even significant. In only a few cases 
is it certain that the observed values 
differ from the value for distilled water 
by more than the analytical error. 


Crease 


The grease determinations generally 
correlate fairly well with the reaeration 
results. It might be expected at the 
first thought that the correlation would 
be very strong, since a film of grease 
completely or even partially covering 
the air-water interface could readily 
be visualized as having a rather pro- 
found effect on reaeration. Certain 
flaws appear in this reasoning, how- 
ever, especially on close examination 
of the details of the method of grease 
determination. First, in the standard 
method (11) by which these analyses 
were performed, the sewage sample is 
strongly acidified before the grease is 
separated from it. This technique 
tends to convert all soaps present, 


whether soluble or precipitated as in- 
soluble salts, to free fatty acids which 
are then included in the grease deter- 
mined. 


At the same time, any basic 


surface-active materials, 
water at the pI of the sewage, tend 
to be made soluble in the presence of 
acid and will then fail to be removed 
and determined as grease. The two 
effects may not, and in most cases prob- 
ably will not, exactly counterbalance. 

The grease determination, requiring 
separation of a small quantity of the 
material to be determined from a rela- 
tively large volume of sample, is natu- 
rally inclined to be rather susceptible 
to errors arising 


insoluble in 


from losses or con- 
tamination of the sample. The pro- 
cedure involves quantitative transfer 
of a sizable quantity of filter aid, con- 
taining the greases, from a vacuum 
filter to an extraction thimble. It is 
at this step that loss or contamination 
is probably most apt to occur. The 
greases are finally weighed in a 200-ml 
flask. The weight of the flask is large 
compared to the weight of the grease, 
and its large surface area may favor 
adherence of a significant weight of 
moisture or dust. For these reasons, 
the accuracy of the determination of 
the grease content of the samples may 
leave something to be desired. 

Finally, it may not be exactly true 
that the grease content of the sewage 
is an accurate indication of the tend 
ency for a film of grease to form at 
the air-water interface. <A large part 
of the grease may tend rather to col- 
lect at liquid-solid interfaces, particu- 
larly where these intersect the air- 
water surface. All of these considera 
tions combined may explain why no 
better correlation was observed be- 
tween the results of the grease deter- 
minations and the effect of the various 
samples on reaeration. 


Proteins 


Another chemical class of sewage 
constituents having surface activity is 
the proteins. Their concentration is 
related to the concentration of organic 
nitrogen shown in the _ tables of 
analytical results. 

There are several reasons, however, 


Py 
gg: 
cor 


1208 


SEWAGE 


AND 


why the organic nitrogen analyses can- 
not accurately reflect the effect of the 
proteins on reaeration. 


L. it that the 
more hydrophilic proteins would have a 


would be expected 
ereater effect than a comparable con- 
centration of insoluble proteins, but 
the analytical method makes no dis- 
tinction between the two classes. 

2. Even among various hydrophilic 
proteins, a difference in the extent of 
the surface effect per unit amount of 
nitrogen might be expected. 


Fresh domestic sewage always con- 
tains urea, which decomposes within a 
few hours to ammonium carbonate. If 
a sample is taken from a sewer system 
which has a fairly short transit time, 
and the are performed 
promptly, the urea nitrogen appears 
as a part of the organic nitrogen. But 
if a longer time elapses, then the nitro- 
gen originally present as urea appears 
Since the urea-nitrogen 


analyses 


as ammonia. 
of fresh sewage sometimes constitutes 
as much as 50 per cent of the total 
nitrogen present, these variations in its 
partition between organic nitrogen and 
ammonia have much influence on the 
apparent relationship between organic 
nitrogen concentration and reaeration. 


Contamination Possibilities 


It would be highly desirable to pre- 
sent a truly general relationship be 
tween some analytical criterion of the 
degree of pollution and the correspond 
ing effect on reaeration rates, a rela- 
tionship which would apply to man) 
other types of pollution as well as that 
due to the presence of domestic sewage 
Probably such a relationship could not 
be based on any of the types of analy- 
ses which were performed in the pres- 
ent work. More likely it would have 
to be a function of the concentration 
of grease plus the concentration of 
soluble proteinaceous material, and it 
might not be simple in form. Perhaps, 
for strictest accuracy and widest ap- 
polysaccharides 


plication, certain 
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would also have to be considered, since 
them, such as gums and 
pectins, are colloidal in nature and 
may be expected to show some degree 
of surface activity. Certainly the 
determinations would have to 
relate more exactly to the materials 
in the re- 


some of 


crease 
which behave as greases 
aeration experiments than do the de- 
terminations reported here. Likewise, 
the standard organie nitrogen analyses 
would probably have to be abandoned 
in favor of a test which provides a more 
direct indication of the concentration 
of soluble proteins present, without in- 
terference from insoluble proteins, 
from urea, or from any of the other 
compounds which contribute to the 
total found in sew- 


age. 


organic nitrogen 


Significance of BOD 


In the absence of such a generally 
applicable parameter, the standard 
BOD test appears to give a fairly good 
indieation of the effect on reaeration 
to be expected, when the predictions 
are confined to domestic sewage alone. 
The BOD of the individual constituents 
of sewage can hardly be considered to 
be directly related to their effects on 
reaeration. It is far more probable 
that because the concentrations of the 
various constituents of domestie sewage 
tend to vary together, any fairly ae- 
parameter of the over-all 
strength of the sewage also provides 


curate 


a good relative indieation of the con- 
centrations of those constituents which 
affect reaeration. In other words, the 
concentration of those compounds in 
which affect 
aeration rate appears to be approxi- 
mately proportional to the BOD, but 
the BOD and the effect on reaeration 
are not necessarily caused by the same 
materials. 

There appears to be no obvious theo- 
retical reason why the BOD determina- 


domestie sewage the re- 


tion should be an especially good 
indicator of the effect of sewage on 
reaeration rates. Although it hardly 


4 
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seems probable, the possibility must 
even be admitted that the observed 
regularity of the relationship is merely 
fortuitous. On the other hand, it is 
more likely that the value of the BOD 
determination lies in the fact that it 
provides a rather accurate and sensi- 
tive index of the degree of pollution, 
and varies over a range which is wide 
in comparison to the errors involved 
in its determination. So long as the 
pollution consists of domestic sewage, 
as it did in these studies, the BOD is 
a relatively good indicator of the pol- 
lutional level present, which in turn 
determines the effect on reaeration. 
In the graph of Figure 4, in which 
the observed reaeration rate is plotted 
against the BOD, the slope tends to 
decrease at high levels of pollution, 
indicating that suecessive increments 
of pollutional concentration have a 
decreasing effect on the reaeration rate. 
Thus, it appears that as the air-water 
interface contains increasing concentra- 
tions of the substances affecting re- 
aeration, it becomes less responsive to 
further increases in the coneentration 
of such substances in the solution be- 
neath it. Either it is more difficult, on 
the basis of the energy required, for 
more of the surface-active materials to 
enter the surface, or successive in- 
creases of their concentration in the 
surface have decreasing effeets on the 
reaeration. This sort of relationship 
is characteristic of many surface phe- 
nomena, and it is not surprising, there- 
fore, that it should be observed in this 


case. 


Fraction of Sewage in Sample 


The volumetric percentage of sewage 
in the sample was used as the only 
parameter of the degree of pollution 
in the report of the studies of Kehr 
(1) of the effect of sewage on reaera- 
tion. The results reported in Table IT 
show that this is not a satisfactory 
parameter. The results of Experi- 
ments 76 and 79, in particular, show 
that the pollutional characteristies of 
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the mixture are of more significance, 
whether the mixture contains a small 
percentage of strong sewage, or a 
higher percentage of weak sewage. 
The several experiments with undi- 
luted sewage show a wide range of 
effects on reaeration, depending on the 
sewage strength. 

Of particular interest in this con- 
nection are the results obtained in the 
range of sewage concentration from 25 
per cent downward. Kehr reported 
very marked effects on reaeration by 
this range of sewage concentrations, 
such that 25-per cent sewage reduced 
the reaeration rate to 44 per cent of the 
tap water value, and even 1 per cent 
sewage resulted in a reaeration rate 
only 74 per cent of that in tap 
water. In the experiments deseribed 
herein, the reaeration rate was found 
to be at least 90 per cent of the tap 
water value in the presence of sewage 
concentrations up to 30 per cent. The 
reaeration constants observed in Ex- 
periments 77 and 81 (10- and 13-per 
cent sewage, respectively) do not differ 
from the tap water values by more 
than the error of their determination. 

Kehr reported no reaeration results 
for mixtures containing more than 25 
per cent sewage, because he found it 
impossible to prevent biological utiliza- 
tion of oxygen in higher concentra- 
tions. Possibly the low reaeration 
rates he reported in higher dilutions 
of sewage are due to the fact that some 
biological action also occurred in those 
experiments, although it was appar- 
ently not recognized. It was found in 
the present experiments that complete 
elimination of biological respiration re- 
quires fairly drastic conditions, and 
even limited utilization of oxygen 
vreatly decreases the apparent reaera- 
tion rate. 

The effect of these relatively low lev- 
els of pollution is of particular inter- 
est in connection with stream sanitation 
studies. In polluted natural waters, 
the concentration of pollution most fre- 
quently lies in this range. Although 
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it oceasionally sewage 
cent of 
the volume of a stream or lake, such 
situations are relatively rare. Thus, 
the finding that moderate pollution 
does not depress the reaeration rate 
far below that occurring in unpolluted 
water is of special importance. 


happens that 
constitutes more than 10 per 


Further Comparisons with Others 


In undiluted domestie sewage of av- 
erage strength (BOD of 150 to 200 
mg/l), reaeration rates were found to 
be approximately 60 per cent of the 
rate observed in tap water under the 
same conditions. The actual reaeration 
data at these high pollutional loadings 
are of less significance in stream sani- 
tation than in sewage treatment proc- 
esses involving aeration. Frequently, 
rates in undiluted 
sewage have been reported to be lower 
than the figures presented here. One 
of the more recent reports, for example, 


relative reaeration 


is that of King (12), who gives reaera- 
tion rates for undiluted sewage rang- 
ing from 15 to 30 per cent of the tap 
water rate. as in most 
others, no attempt to sterilize the sew- 
age or otherwise control biological ac- 
tion is reported. 


In his studies, 


It must be assumed, 
therefore, that the low reaeration rates 
observed actually represent the differ- 
ence between the rate of reaeration and 
the rate of microbial respiration. 

A series of recent British papers (2) 
(3) presents results which indicate that 
the effect of domestic sewage on reacra- 
tion is approximately as great as that 
reported earlier (1). 
ments appear to be much more satis- 
factory, from a technical standpoint, 
than the older studies, and there is no 


These experi- 


immediate obvious explanation for the 
difference the the 


It may be pertinent 


between results of 
separate studies. 
to point out, however, that in general 
the British studies deal with higher 
reaeration rates than those reported 


here. Possibly, then, the relative effect 


of pollution may change as the absolute 
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rate 


reaeration 
range. 


increases over a wide 


Summary 

This investigation constitutes a re- 
examination of the effect of domestic 
sewage on atmospheric reaeration of 
water. 

The solubility of oxygen in sewage 
does not differ significantly from its 
solubility in pure water under the 
same conditions, which corroborates the 
results of previously published work. 

Addition of some of the commonly 
used chemical inhibitors of respiration 
did not result in reducing the biological 
utilization of dissolved oxygen to a 
level sufficiently low to permit accurate 
determination of the reaeration rate. 
However, conditions were eventually 
developed which made possible the ob- 
servation of reaeration rates, without 
errors caused by microbial oxygen 
utilization during the experiments. 

Domestic sewage was found to cause 
a decrease of the reaeration rate, and 
as the degree of pollution becomes 
heavier, the reaeration rate is affected 
to a greater extent. However, the ef- 
fect of a given level of pollution was 
found to be substantially less than has 
been stated elsewhere. Even when sew- 
age comprises as much as 10 per cent 
(by volume) of the mixture, the reaera- 
tion rate differed from that occurring 
in tap water by only about 5 per cent. 

Undiluted average 
streneth was found to reaerate at about 
60 per cent of the corresponding tap 
water rate. 

Various analytical indexes of the de- 
gree of pollution were compared with 
the observed reaeration rates to deter- 
mine whether any one of them was par- 
ticularly valid as an indicator of the 
effect on reaeration to be expected from 
a given degree of pollution. Since all 
the analytical criteria vary together 
when the pollutional concentration is 
changed, the best indications are ob- 
tained from those analyses which can 
be most accurately determined, which 
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vary over the widest ranges, and which 
are least subject to distortion of the 
analytical results by substances other 
than those they are intended to deter- 
mine. Of the various analyses exam- 
ined, the biological oxygen demand 
correlated best with the reaeration 
rate, even though it must bear an in- 
direct, rather than a direct, relation- 
ship to the substances present which 
affect reaeration. 

The experiments were conducted 
both in quiescent and in gently stirred 
systems. In a few experiments, the 
reaeration liquid was more vigorously 
agitated. In one ease the surface was 
deliberately broken by special stirring 
vanes. Over the entire tested range 
of stirring rates, and consequent re- 
aeration rates, sewage was found to 
have the same relative effect on re- 
aeration as in quiescent water. 

The rate of reaeration of clean water 
was directly proportional to the rate of 
circulation of the water, under condi- 
tions ranging from quieseenee through 
various rates of gentle stirring such 
that the surface remained unbroken. 
Sinee the reaeration rate at a given 
level of pollution is a fixed percentage 
of the corresponding tap water rate, 
regardless of the rate of stirring, it 
analytical indexes of the degree of pol- 
luted water is also a linear function 
of the cireulation rate. 


Conclusions 


From consideration of the results of 
these studies, the following conclusions 
are drawn: 


1. The rate of atmospheric reaera- 
tion is directly proportional to the rate 
of cireulation of the water, within the 
limits of turbulence where the water 
surface remains unbroken. 

2. The solubility of oxygen in sew- 
age is not significantly different from 
its solubility in pure water. 

3. Domestic sewage depresses the re- 
aeration rate of water, the extent of 
the depression depending on the 
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strength of the sewage and the relative 
quantity of it present. 

4. With various degrees of turbu- 
lence, ranging from quiescent condi- 
tions to fairly violent agitation and a 
broken water surface, the relative effect 
of a given concentration of domestic 
sewage on reaeration remained un- 
changed under our conditions. 

5. The reaeration rate of undiluted 
domestic sewage of average strength 
is about 60 per cent as great as that 
of clean water under the same condi- 
tions. 

6. Polluted streams are unlikely to 
contain enough sewage to depress re- 
aeration to less than 95 per cent of 
the clean water rate. 

7. In domestic sewage, the concen- 
tration of the compounds affecting re- 
aeration is proportional to the BOD 
of the sewage and the BOD gives a 
better indication of the effect on re- 
reaeration than do other standard 
analytical indexes of the degree of pol- 
lution even though the relationship 
must be an indirect one. 
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THE OPERATOR’S CORNER 


WHAT CAN THE OPERATOR DO TO PROMOTE 
BETTER PUBLIC RELATIONS? * 


By GrorGE C. AHRENS 


Howard R. Green Co., Cedar Rapids, Iowa 


Public relations is reported to be the 
fastest-growing profession in America 
today. What is public relations? It 
is the execution of a program of action 
to earn public understanding. It might 
better be called public information. 

Utilities in the past have had poor 
histories in the matter of public rela- 
tions. Someone at the top has failed 
to recognize the fact that a utility is a 
public servant. It should be remem- 
bered that the individuals to whom 
service is rendered are the same ones 
who will be asked, at times, to pass on 
bond issues and eleet city officials who 
will act on rate and salary increases ; 
they are the same ones with whom the 
superintendent must work. 


Human Relations 


Kor good public relations, good hu- 
man relations—with employees, with 
publie officials or management, and 
with the public, the customers—are 
needed. 

To foster good employee relations 
cive the employee a title that denotes a 
certain amount of ability. Provide an 
employees’ manual covering employ- 
ment, vacation, holidays, sick leave, 
overtime, wages, etc. Each employee 
is the ‘‘utility’’ or ‘‘company’’ to the 
customers and also to his cirele of 
friends and relatives. If he takes satis- 
faction in his job and pride in the 
* Presented at the 41st Annual Meeting, 


Iowa Sewage and Industrial Wastes Assn.; 
Cedar Rapids, Towa; June 17-19, 1959. 


utility, his attitude in itself will pro- 
mote good publie relations. 


How to Get Along with People 


Fundamental Techniques in Handling 
People 


. Don’t eriticize, condemn, or com- 
plain. 

2. Give honest, sincere appreciation. 

3. Arouse in the other person an eager 
want. 


Sir Ways to Make People Like You 


1. Become genuinely interested in other 
people. 

2. Smile. 

3. Remember that a man’s name is to 
him the sweetest and most impor- 
tant sound in the English language. 

. Be a good listener. Encourage 
others to talk about themselves. 

. Talk in terms of the other man’s 
interest. 

}. Make the other person feel impor- 
tant—-and do it sincerely. 


Twelve Ways to Win People to Your 
Way of Thinking 


. The only way to get the best of an 
argument is to avoid it. 

. Show respect for the other man’s 
opinion. 

. If you are wrong, admit it quickly 
and emphatically. 

. Begin in a friendly way. 

. Get the other person saying ‘‘ Yes, 
yes’’ immediately. 


1213 


; 
1 
{ 
+ 
igh 
it 
= 
3 
4 
* 


1214 


6. Let the other man do a great deal 
of the talking. 
7. Let the other 
idea is his. 
8. Try honestly to see things from the 
other person’s point of view. 
9. Be sympathetic with the other per- 
son’s ideas and desires. 
10. Appeal to the nobler motives. 
11. Dramatize your ideas. 


man feel that the 


12. Throw down a challenge. 


Nine Ways to Change People without 


Offending 


1. Begin with praise and honest ap- 
preciation. 

2. Call attention to mistakes indirectly. 
3. Talk about 


fore criticizing the other person. 


your own mistakes be- 

+. Ask questions instead of giving di 
rect orders 

5. Let the other man save his face. 

6. Praise the slightest improvement 
and praise every improvement. Be 
hearty in and 


your approbation 


lavish in your praise. 


Give the other person a fine reputa- 
tion to live up to. 
8. Encourage. Make 


easy to correct 


the fault seem 
9. Make the other person happy about 


doing the thing you suggest. 


Relations with City Officials 


Obtain the support and good will of 
This the 
eroundwork for good public relations. 
It is most important that the officials 
understand how your’ department 
functions, what its needs and problems 
are, and it is planning for the 
future. Keep your officials informed 
Nothing annoys an elected official more 


your city officials. lays 


how 


than to learn first about your prob 


lems by reading it in the newspaper. 


Relations with the Public 


The seeret of good publie relations is 
to take the public into full confidence 
by making 
You 


you are doing 


state- 
what 


correct and honest 


ments. must merehandise 
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What are the tools available ?—they 
are: the press, radio, TV, public meet- 
ings, talks before civie and other or- 
ganizations, such things regular 
guided tours, visits by school classes, 
a large flow diagram on the plant wall, 
booklet describing the plant and _ sys- 
tem, street signs to tell what is being 
done on a project, exhibits and posters 
in oftice lobby or city hall, good house- 
keeping, attractive signs naming all 
equipment, a float in the annual 
parade, display at flower and garden 
show, sound motion pictures, good tele- 
phone contacts, and a smile and a 
genuine ‘‘thank you’’ at the paying 
window. Much information is con- 
tained in Willing Water which is pub- 
lished by the American Water Works 
Association. 
friendliness. 
One satisfied customer can do more to 
improve public relations than a dozen 
ads 


Friendliness begets 


Teach the necessity of courtesy 
it is the cheapest commodity in the 
world. Good will is the most price- 
less asset a business or utility ean 
POssess. 

W.S. Foster, Editor of The Ameri- 
can City, offers the following sugges- 
tions: 


1. He 


would eliminate the words 
and ‘‘sewage’’ from any de- 
partmental title. He would also have a 
single department of water with divi- 
sions of supply and disposal. 

2. Take down ‘‘No-admittance’’ 
and replace them with ‘‘ Wel- 
signs. Post the visiting hours 
‘“Welcome.’’ 


3. Encourage 


SIZNnS 

come’? 
below 
trips through the 
plant by service clubs, school children, 
and others. 


1. Allow the use of suitable grounds 


for recreation and pienie areas. 
5. Enelose with the monthly bill 
an extra folder telling something 


A leaflet 
about future extensions or the eare of 
lawns, will be 


about the plant or system. 


shrubberies, and trees 


appreciated too. 
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6. On complaints, Mr. Foster would 
work out a detailed system of handling, 
including names and addresses, nature 
of complaint, name of person who re- 
ceived the complaint, to whom it was 
referred, and action taken. Followup 
would be with a letter of thanks de- 
scribing the action taken. 


How to Build Good Press Relations 


1. Newspapers exist to inform the 
public, the same publie you serve. 

2. Do not confuse public relations 
with publicity. Just getting space in 
the local paper is not enough. It must 
be filled with planned, factual informa- 
tion. 

3. Keep the newspaper informed on 
what is happening. The time to get 
acquainted is when things are going 
well. 

4. Know the city editor. He will 
tell you how news is handled and 
probably assign a reporter to cover 
your department. The reporter will 


be eager to work with you in develop- 


ing news from your department. 
Don’t go over his head, always tell him 
first. Don’t hold back, give him all 
the facts whether they are favorable 
or not. 

5. What is news? News items are: 
unusual operating conditions, emer- 
gencies, new facilities, rate changes, 
long-range plans, expansions, annual 
reports, bond issues, regulations, par- 
ticipation in meetings, unusual jobs, 
employee activities, and human inter- 
est stories. 

6. Newpapers have deadlines; keep 
them in mind. Get information a re- 
porter needs if you do not have it at 
hand. Don’t complain about an un- 
important error. 

7. Stories in news columns are more 
likely to be read than ads. When ad- 
vertising, use display type. People 
won’t wade through 250 words to gain 
a thought or point. Humanize the ad- 
vertising. Dramatize financial state- 
ments. 
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8. Whether your relations with the 
press are good, bad, or indifferent de- 
pends largely on you. 

It must be remembered that ads, dis- 
plays, and booklets cannot repair com- 
pletely the injury done by a thought- 
less employee. 


Some Hints on Giving a Talk 


1. State your facts; argue for them 
and appeal for action. 

2. When you show that something is 
wrong, show how to remedy it; appeal 
for action. 

3. Secure interested attention, win 
confidence, state your facts, appeal to 
the motives which make people act. 

4. A speech must have punch. Ap- 
peal with real conviction and en- 
thusiasm. 

5. The speaker must have something 
which he really wants to say. Think 
over your facts, burn their real im- 
portance into your mind. Act en- 
thusiastically and your audience will 
be enthusiastic. 

6. A good talk is conversation en- 
larged. Talk to a group just as you 
would a single person. A group is a 
collection of John Smiths. 

7. Be natural, don’t imitate others. 
Talk to your hearers just as if you ex- 
pected them to stand up and talk back 
to you. Be sincere. 

8. Carefully prepare the opening of 
your talk in advance. It should be 
short, and it should lead into the heart 
of your subject. 

9. The opening should seize atten- 
tion immediately. Use an exhibit, ask 
a question, offer startling facts or a 
striking quotation. 

10. Plan your ending carefully. 
What is said last is likely to be re- 
membered longest. Suggested ways 
for closing are: summarizing, appeal- 
ing for action, complimenting the audi- 
ence, quoting a fitting verse. 

11. Have a good beginning and a 
good ending and put them close to- 
gether. Always stop before your andi- 
ence wants you to. 
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DEDICATION DAY AT CINCINNATI AND 
WASHINGTON 


We won’t claim that the man you see 
in a hurry these days is on his way to 
the dedication of a treatment plant, 
but then neither will we claim that he 
isn’t. Asa matter of fact, we wouldn't 


Superintendent Hugh Schreiber discusses 
aeration tank operation with David Auld, 
Director of Sanitary Engineering for the 
District of Columbia, District Commission- 
ers David Karrick and Robert McLaughlin, 
and Secretary Flemming (Washington Post 
Photo). 


be surprised one bit to have someone 
hand us a card reading—‘‘ Have Dedi- 
catory Speech, Will Travel.’’ What’s 
we're all for it because there’s 
hardly a treatment plant built that 
isn't worth dedicating. 

Wastewater treatment plants cost a 
lot of money to build and they eost a 
lot of money to operate. The dedica- 
tion serves to show the publie where 
the money went and where future dol 
lars will go. 


more, 


Happily now, we are able to report 


that two recent ceremonies were ex- 


One was at the Mill 
Works in Cineinnati 
and the other at the secondary treat- 


emplary events. 
Creek Sewage 


ment plant in Washington, D. C. 

The principal speaker on both oc- 
casions was Dr. Arthur S. Flemming, 
Seeretary of Health, Education, and 
Welfare. 

Some of the activities of both days 
are recorded pictorially in Figures 1 
through 8. 


FIGURE 2.—Flag-raising ceremony at the 
Mill Creek Works. 


FIGURE 1.—At left, Washington’s Plant 


DEDICATION DAY 


The City of Cincinnati 
cordially invites you to the 


dedication ceremonies of the 


MILL CREEK SEWAGE WORKS 


located at 
1600 Gest Street 


Cincinnati, Ohio 


on the 18th day of June, 1959 
at 2:15 p.m 


Tours of plant facilities will ummediately follow 


June 18, 1959 


the dedication ceremones 


\ 


FIGURE 3.—Cincinnati’s invitation and luncheon program. 


PROGRAM 


= | Prelude District of Columbia Band 
Inspector Charles Benter, 
Presiding Officer David V. 4 
Department of Sanitar, 


THE NEW SEWAGE TREATMENT PLANT 


The plant being dedicated today embodies the most modern 
proved methods of waste water treatment. It is a high-rate acti 
vated installation which basically utilizes highly active aerobi 
bacteria to stabilize the organic matier remaining alter initial 

promoting its removal. Further stabilization 
‘“ew_the above processes is effected through the 

generally lavorable envwonment 

promotion and con 

“put 80% of the prin 

will be removed 

content of the incom 

The sludge removed 

ot disposed of as a 


Presentation of Flags Harold 
Citizens Council for, 


Flag Raising Hugh A. Schrei! 
National Anthem 


Invocation 


Introduction of Distinguished Guy 


Greetings from the President of 
The 
Prend/ 
Remarks The 
Cham: 


Presentation of Principal Speake _ 


The Honora’ 
Member, Board of 


Remarks The Honorable Arthur S. Flemming 
Secretary, Department of Health, 
Education and Welfare 


Dedication of the Plant . Brigadier General A. C. Welling 
Engmeer Commissioner 


Invitation to Inspect Plant Presiding Officer 


approximates $12.500.000 

nt executed in 1954 these 

jodate sewage flows trom 

f For this, the Washington 

s contributed more than one 
fons 


is new pliant, a much higher de 
part of the waste waters of the 


treatment was begun Today is the 
beginning during which the Potomac will be pro 
gressively restored @ condition of cleanliness betitting the 
Nation's Capital 


FIGURE 4.—Washington’s 


invitation and program. 
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FIGURE 5.—Chartered buses shuttled Cincinnati visitors from one end of the 
plant to the other. 


FIGURE 6.—Mill Creek visitors deep in the heart of plant. Note descriptive sign 
near top of picture. 
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DEDICATION DAY 


FIGURE 7.—Secretary Flemming making dedicatory address at the new 
in Washington, D. C. 
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: FIGURE 8.—Visitors to the pipe gallery of Washington’s new plant. Note descriptive a 
sign on spray water pump. 
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PLANNING THE DEDICATION OF THE MILL CREEK 
SEWAGE WORKS 


By ArtHuR ID. Caster 


Principal Sewage Disposal Engineer, Division of Sewage Disposal, 
Cincinnati, Ohio 


WASTES October 1959 


Editor’s Note: In the preceding article the results of a well- 
planned and superbly executed dedication are self-evident. But what 
that piece doesn’t show is the thoroughness of the planning which 
went into those events. Fortunately, Mr. Arthur Caster has let us 
in on this secret by chapter and verse, and we are happy to pass it 
on to you. The secret, briefly, is—HARD WORK. 


The dedication of the Mill Creek 
Sewage Works on June 18, 1959, has 
been proclaimed by those in attendance 
as a most successful affair. Its success 
ean be attributed to careful and com- 
plete planning, proper coordination, 
excellent cooperation, and outstanding 
execution. 

Inasmuch as the dedication was a 
scheduled event of the 33rd Annual 
Meeting of the Ohio Sewage and Indus- 
trial Wastes Conference, the exercises 
were simple and not too lengthy. This 
afforded an opportunity for the people 
at the Conference, as well as other 
visitors, to view the plant facilities. 


Planning 


A great deal of time and effort was 
spent on the planning phase of the 
dedication. The aim was to get the 
big jobs out of the way first. There- 
after, time could be concentrated on 
the smaller jobs and other details 
which would arise just prior to the 
dedication date. 


Dat 


The date of June 18, 1959 was estab- 
lished approximately one year prior 
to the 1959 Conference. The estab- 
lished date was necessarily the target 
at which all planned activities were 
aimed. It became the byword of all 
those interested in the dedication of 
the plant. 


Advance Notices 


Advance notices announcing the 
dedication of the Mill Creek Works 
were mailed to all contractors and 
sub-contractors participating in the 
construction of the plant and also to 
numerous publications, including news- 
papers and periodicals. These notices 
were also sent to various consulting 
engineers and other people and engi- 
neering firms interested in the treat- 
ment of sewage and industrial wastes. 
Notices went all over the United States 
and to parts of Canada. 


Meetings 


Meetings were held with interested 
parties both inside and outside the 
Division of Sewage Disposal. 

One meeting was held with the offi- 
cials of the Cineinnati Chamber of 
Commerce so that duties and responsi- 
bilities concerning the Conference and 
the civie luncheon, which was to be 
sponsored by the Chamber, could be 
defined properly. As a result of this 
meeting it was decided that the Di- 
vision of Sewage Disposal should pre- 
pare a brochure in cooperation with 
the Chamber. In this connection the 
Division prepared an article recount- 
ing the effective and faithful partici- 
pation of Mr. Hudson Biery in the 


anti-pollution program. In addition it 


was decided that the Division of Sew- 
age Disposal would order the neces- 
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sary buses for transportation from the 
hotel to the plant site on the afternoon 
of the dedication. Further, it was de- 
cided that the plaque honoring Mr. 
Biery, Chairman, Stream Sanitation 
Committee of the Chamber of Com- 
merce, would be ordered at the same 
time the three other plaques were 
ordered by the Division of Sewage Dis- 
posal. Otherwise, the Chamber of 
Commerce would carry out all phases 
of the luncheon, including the invita- 
tion of guests, speakers, and all dig- 
nitaries and the Division of Sewage 
Disposal would be responsible for the 
dedication of the plant. This avoided 
any conflict of duties. 

Three meetings were held with rep- 
resentatives of the contractor in an ef- 
fort to decide and to determine which 
facilities would be ready for tours on 
the afternoon of June 18. 

A meeting with the city officials was 
held to formulate plans for the par- 
ticipation of the Mayor, City Manager, 
Director of Publie Works, as well as 
the City Council, in the dedication 
program. Discussion centered around 
protocol and other important factors. 

The officials of the Ohio Sewage and 
Industrial Wastes Conference were 
contacted so that the dedication pro- 
gram could be properly oriented with 
the activities of their meeting. 

A few meetings were held with the 
officials of the Division of Sewage Dis- 
posal during which planning assign- 
ments were made to cover certain 
phases of the dedication, These phases 
were as follows: 


1. Brochure. The planning of a 
brochure for the dedication received 
considerable attention. Realizing that 
this would be one of the bigger jobs, 
more time was spent on this phase than 
on others. The preparation of the 
brochure was done by the people in 
the Sewage Disposal Division. 

2. Cleaning of Buildings and 
Grounds. The first effort made to- 


ward a successful dedication was clean- 
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ing of the interior of the buildings 
and also a general policing of the areas 
adjacent to the buildings which had 
been turned over to the City. The 
work started well in advance of the 
June date. Cleaning of unfinished fa- 
cilities was the responsibility of the 
contractor. 

3. Transportation. Means of trans- 
portation were discussed and assign- 
ments made for transportation of 
guests from the hotel to the plant site 
and also transportation within the 
grounds. The first -_phase would be 
done with eight city buses, while the 
second phase would be taken care of 
by vehicles of the Sewage Disposal 
Division. It was felt necessary to 
have the latter in the event that emer- 
gency transportation might be re- 
quired. 

4. Tours. A great deal of emphasis 
was placed on the method, routing, and 
timing of tours. Several ‘‘dry’’ runs 
were made to determine the exact time 
which would be required. As a result 
of studies and actual participation, it 
was decided to have two types of tours. 

One tour, a walking tour, would 
start from the southerly end of the 
plant and take in buildings still in- 
complete. It would end at a point mid- 
way in the project where buses would 
carry guests to the northerly portion of 
the site where the facilities were com- 
pleted. It was decided to have signs 
at strategic points along the route, and 
also to have persons give short talks 
at certain locations. These talks would 
be given by representatives of Sewage 
Disposal. 

The other type of tour would be a 
presentation of a moving picture with 
running commentary, showing the con- 
struction of various buildings and fa- 
cilities necessary in the treatment of 
sewage. This was done so that anyone 
not familiar with the treatment proe- 
ess would be given an insight into the 
principles involved. 

Guides for the tours would be mem- 
bers of Sewage Disposal, assisted by 
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members of the Cincinnati Municipal 


Supervisors’ and Foremen’s Associa- 


tion. Orientation sessions for these 
men were also scheduled. 


More 
to various individu- 


5. Invitations than 950 invi- 


tations were sent 
leading 
state, and 


invitations in 


and 
nation, 
These 


cases were hand addressed. In- 


als, industrial concerns, 
dignitaries of the 
municipalities 
most 
vitations were properly catalogued by 
groups for ready reference. 

A unique feature of the invitation 
was the inclusion of a map, showing 
the plant site and the various routes 
leading to the plant, as well as park- 
ing facilities adjacent to the plant site. 
Invitations Various 

This 


was done so that they could be pres- 


were also sent to 


manufacturers’ representatives. 
ent and talk with people who might 
be interested in their equipment. 

6. Communications. It was decided 
to have two portable walkie-talkie sets, 
portion of the 
plant and the other in the northerly 


one in the southerly 
portion, Arrangements were made for 
the procurement of a public address 
system for the exercises. It was also 
decided to have a messenger available 
in the 


event call 


made for anyone attending 


that an emergency 
would be 
the dedication. 

Plans called for lo- 
booth at the 
entrance of the plant on Gest Street. 


7. Registration 


cating the registration 


Registration would include recording 


on appropriate forms the person’s 


name, address, and company repre- 


sented. After registering, each person 


would be given a brochure, a copy of 
the American City story, and a pro- 
It was also decided that invited 
and who the 


speaking platform would be given spe- 


vrai. 


ruests those were on 
cial badges so that proper identification 
of these people could be made. Four 
lines for the registering of 


would be 


guests 


made available for smooth- 


ness of operation. It was also decided 


to provide a canopy at the registra- 


tion location in view of the fact that 
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warm weather could be anticipated in 
Cincinnati at this time of year. This 
canopy would provide adequate shade 
for the registrars. 

Much thought and 
consideration were devoted to the plan- 
nine of a 
would 


» pyre 
8. Program. 


speaking program which 
lend dignity to the occasion. 
A master of ceremonies was selected 
were extended to the 
Mayor, members of the City Couneil, 
the City Public 
Works, and the City Engineer to par- 


and invitations 


Manager, Director of 


ticipate in the program. 

Arrangements were made for recog- 
nizing the honored guests and officials 
of the 26 political subdivisions partici- 
pating in Cinecinnati’s sewage disposal 
program. 

After consultation with Chamber of 
Commerce officials, the opening time 
for the ceremonies was scheduled for 
2:15 P.M. 
permit attending 
luncheon to get to the 
ample time. 


This hour was selected to 
those the 


ceremonies in 


noon 


A clergyman was invited to offer the 
invocation on this occasion. Arrange- 
the 
entation and acceptance of two plaques 


ments were also made for pres- 
Plans were also 
formulated for the participation of the 
detail the Marine 
Corps Recruiting The Park 
Board furnish greenery 
for decorating the speakers’ platform. 

One of the more important steps was 
the timing of all that the 
entire program would occupy approxi- 
mately 30 min. 


honoring individuals. 


from 
Station. 
was asked to 


flag-raising 


events so 


After a further review of the various 
phases of the program, a requisition 
for printed forwarded 
to the purchasing department. 

9. Parking. In 


programs Was 


view of the fact 


that construction forces would be op- 
erating on June 18, the problem of 


parking was an important faetor in 
Consequently, the officials 


of a nearby trucking company were 


the plans. 


asked if their parking facilities could 


be used on that day. They readily 
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consented and put their parking lot in 
first-class condition. In this connee- 
tion it was planned to present to each 
notice stating the 
time of the lot. This was done so that 
the parking lot could be closed shortly 
after 5:00 pM. 

10. Publicity. An endeavor was 
made to contact all newspapers and 
radio and TV stations in the area. 
News releases along with copies of bro- 
and a were sent to 
In addition, phone calls were 
made to invite representatives of these 
media to visit the plant for further 
details. 


person a closing 


chures 
each. 


program 


A proclamation was written for the 
signature of the Mayor declaring the 
week of June 14 as ‘‘Clean Waters 
Week.’’ A the newspapers 
carried the intent and purpose of this 
proclamation, which highlighted the 

Considerable time was also 
the representatives of the 
American City magazine and to the 
advertising agency for the Cooper-Bes- 
semer Corporation and other outlets, 
for individual stories regarding the 
Mill Creek Plant. 

11. First Aid. Because of the possi- 
bility of intense heat during the dedi- 
cation, it was felt that first aid stations 
should be established on the plant site. 
Therefore, the fire department was 
asked to supply personnel to handle 
such stations. Two stations were es- 
tablished ; the administration 
building and the other in the service 
building. 

12. Traffic. Because the plant is lo- 
cated in a relatively high industrial 
area involving a great amount of 
traftic, it was decided to contact the 


story in 


dedication. 
viven to 


one in 


police department for assistance in 
handling the traffic. 
13. Roadways. Since new roads 


were being built on the plant site, it 
Was necessary to communicate with the 
superintendent of highway  mainte- 
nance to ascertain if the new roadways 
would be able to handle traffie within 
the plant on the afternoon of the dedi- 
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cation. 


Alternate routes were selected 
in case tentatively selected roadways 
were not 

14. Equipment Displays. It was de- 
cided to the area between the 
sludge disposal building and the serv- 
ice building for the display of major 
equipment used by the Division. In 
the display trucks of various 
types, motor scooters, a motor boat for 
use on the Ohio River, and other as- 
sociated equipment, 

15. Pictorial Review. It was de- 
cided to have pictures taken of the 
event, including motion pictures. The 
photographers were instructed to take 
pictures at various locations so that an 
over-all record would result. 

16. Miscellaneous. 


usable. 


use 


were 


Under this sub- 
ject: preparations were made for the 
manufacture of badges and the neces- 
sary signs to be used during the dedi- 
cation. included those for 
manufacturers’ representatives, hosts, 
operational personnel, and other  offi- 
cials. 


Badges 


Signs were made covering the 
tours, the various pieces of equipment, 
the parking lot, first aid stations, and 
movies. 

17. Follow-up. In any endeavor of 
this type, a follow-up system must be 
used to see that the planning is prop- 
erly carried out. This was done at 
intervals prior to the dedication. 


Coordination 


Coordination was necessary so that 
all phases of the program which were 
assigned to various would 
finally fit together. 

As an example, the coordination be- 
tween the Division of Sewage Disposal 
and the Chamber of Commerce, par- 


agencies 


ticularly in obtaining the necessary in- 
formation at the proper time so that 
the could be sent to the 
printer for publication, is worth not- 
ing. It is also to be noted that requi- 
sitions to the purchasing department 
had to be submitted in sufficient time 
to permit that department to carry out 
its responsibilities in getting the neces- 


brochure 
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sary materials to the Division of Sew- 
age Disposal prior to dedication day. 

A follow-up system similar to that 
used in the planning phase was used 


in the coordinating phase of prepara- 


tion. 


Cooperation 
The Division of Sewage Disposal ex- 
excellent 
other departments in the City. 


from 
The 


Division has publicly expressed its ap- 


perienced cooperation 


preciation of the cooperation displayed 
by the fire, police, highway, communi- 
cations, park, and purchasing depart- 
ments, and also to the Municipal Su- 
pervisors’ and Foremen’s Association. 
In addition to the municipal depart- 
ments, the Division had fine coopera- 
tion from other firms and individuals 
as well as from all of the personnel 
employed in the Division. 
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Execution 


the execution of 


successful 


It is believed that 
this because 
all task 
which was to be performed at a par- 
ticular time and at a particular place. 
In the assignment of personnel, a small 
maintained in the event 
illness or inability to perform certain 
duties befell those with assigned tasks. 

The weather on the dedication date 
was highly extraordinary and this fact 
in itself is believed to have had a great 
No last- 


program Was 


personnel were assigned a 


reserve Was 


bearing on the attendance. 
minute changes were made. 


Conclusion 
As a fitting climax to a suecessful 
undertaking, numerous ‘‘thank you’”’ 
letters were sent to the various organi- 
and individuals partici- 
pated in the program. 


zations 


SLUDGE FILTRATION AND INCINERATION AT 
CAMDEN, NEW JERSEY * 


By JoHN FRAZEE 


Superinte ndent of Sewage 


main treatment 
plant is located on the Delaware River. 


Camden’s sewage 
The plant is of the primary type and 
the raw sludge is dewatered and inein- 
Plant design capacity is 53 
mgd with an estimated normal flow by 
1960 of 46 mgd. Facilities are pro- 
vided which are intended to serve the 


erated. 


purpose of concentrating sludge and at 
the same time provide a means of de- 
termining the digestibility of sludge. 
They consist of two tanks each having 
100,000-cu ft capacity, a floating cover, 
During the first 
months of operation controlled 


and heat exchanger. 
eight 
the 


Sewage and 


* Presented at 
New York 
Assn.; New 


1959 Annual Meeting, 
Industrial Wastes 


Jan. 22-23, 1959. 


Treatment, Camden, N. J. 


digestion was practiced with very good 
results. that period, however, 
the tanks have been operated strictly 
and concentration 
certain amount of unassisted 
Vacuum filtra- 
tion is handled by six drum-type filters 
covered with 120 * 46 mesh monofila- 
Three of these cloths 
have been in use since Apr. 1956. Each 
of the filters has 250 sq ft of filter area. 


Since 
on a basis 
with a 
digestion taking place. 


storage 


ment saran cloth. 


Lime and ferric chloride are used for 
sludge conditioning. 

fur- 
for the handling of chemicals 
is about as efficient as any now avail- 
able and worth taking time to deseribe. 
Ferric chloride is purchased on an an- 


It is felt that the equipment 
nished 
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hydrous basis and furnished in an 
aqueous solution in tank ear lots. The 
coagulant concentration varies from 37 
to 49 per cent, depending on the tem- 
perature at the time of shipment. At 
the plant it is cut to a 20-per cent 
solution for use in filtration. Unload- 
ing is accomplished by means of com- 
pressed air and the chemical is stored 
in two 8,000-gal rubber-lined tanks in 
the basement of the sludge disposal 
building. After the necessary connec- 
tions are made, an 8,000-gal car can be 
unloaded in about an hour. 

Lime is received in hopper cars and 
unloaded using a vacuum system. It 
is stored in three bins on the second 
floor of the sludge disposal building. 
From the bins it is fed by gravity 
directly to the slaking equipment. One 
man, with the periodic help of an as- 
sistant to help change the suction hose 
from hopper to hopper, can unload a 
40-ton car in 12 to 14 hr. 

Drying and incineration are handled 
by two flash-drying and incinerating 
units. Each of these units is rated at 
10,000 Ib of filter cake per hour at 70 
per cent moisture. Design Btu content 
of the cake was 5,200 Btu/lb with a 
volatile content of 52 per cent. Heat 
dissipation design was 15,600,000 Btu 
hr. 

Auxiliary heat is furnished by two 
oil burners operating on No. 5 fuel oil. 
These burners are of two different sizes 
and they permit the operator to meet a 
wide range of fuel demands. 

The fuel oil is stored in a 15,000-gal 


tank equipped with two 5-kw_ tank 
heaters. Additional heating units are 
installed in the fuel oil lines which 


maintain a temperature of 125°F at 
the oil burners. 

The ash residue is removed from the 
furnaces by screw conveyors which dis- 
Here the ash is 
converted to a thin slurry and pumped 
to a lagoon approximately 600 ft from 
the building. 


charge into a hopper. 


SLUDGE DISPOSAL 


Startup Problems 

General 
The year 1958 marked the first full 
year of operation of the sludge dis- 
posal facilities. For 18 months pre- 
vious to Sept. 1957, the operation was 
a series of starts and stops, shutdowns, 
breakdowns, and more or less general 
confusion. This was true with the fil- 
ters, chemical feeders, and incinerators 


and all pertinent equipment in the 
sludge disposal building. Personnel 
training, in addition to the normal 


startup problems, added to the general 
unfavorable situation. In the first 14 
months, 10 different operators were 
assigned to the incinerators and_re- 
placed either by their 
otherwise. 


request or 


Tannery Waste 


For the best operation of the flash 
drying units, i.e., at highest efficiency, 
a steady, balanced load should be main- 
tained. When operating at or near 
rated capacity, any change in the 
amount or characteristics of the filter 
cake is immediately reflected in the 
drying units. This was one of the first 
problems that had to be reckoned with. 
During the initial startup of the plant, 
several large sewers in Camden held 
large accumulations of hair from tan- 
nery wastes. This material ended up 
at the plant and eventually in the 
sludge pumped to the filters. The cake 
resulting from this sludge was roughly 
1 in. thick and of the consistency of a 
felt rug. It peeled off the filters onto 
the conveyor belt and folded over three 
or four until it became 
heavy enough to tear loose. It then 
would reach the incinerators as a slug 


thicknesses 


which exceeded the design capacity. 
One minute there would be an over- 
load, the next minute nothing at all. 
The operator was under constant pres- 
sure to maintain a balanced condition 
with his various controls. This neces- 
sitated stationing men at the filters to 
cut the blanket loose and another man 
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at the cake breaker to equalize the load 
on the conveyor belt. Many types and 
shapes of cutters and other gadgets 
were tried in an effort to equalize the 
How of filter cake to the drying units. 
This same cake also created 
The 


rough 


a prob- 
eunite- 
surface 

light, 
The aceumu- 
bridged 


lem in the drying units. 
lined cyclone with its 

the collection of 
fluffy, hair-like material. 
lated 


encouraged 


material soon and cre- 


The time required to 
develop a plug varied from 2 to 4 hr. 


ated plug. 
The first attempt to correct this condi- 
tion consisted of hanging a chain in the 
This 
fairly well until it wore through and a 
section of it fell into the air lock. Next, 
the half 
of the evclone with stainless steel and 
This 


because 


center of the evelone. worked 


it was decided to line lower 


this seemed to solve the problem. 


liner has since been removed 
the hair content is no longer a prob- 
lem. As the hair problem disappeared 
the difticulty of maintaining a constant 
load the 


operation of the drying units became 


became less troublesome and 


easier. Operation was also improved 
controlled 
Previous to this, the damp- 


by installing automatically 
dampers 
ers were manually controlled and the 
operator tended to over control so that 
constant correction Was necessary. 
With automatic controls, temperature 


held 


resulting In a 


changes are to a close tolerance, 


uniform and = smooth 


operation. 
High Heat Value of Cake 


Another problem was the very high 
Btu content of the filter cake. 
figures for the units had been based on 


Design 


a filter cake having a Btu content in 
the neighborhood of 9,000 to 11,000 ‘Ib 
of volatile the 
handled varied from 14,000 to 18,000 
Btu/lb. This fact, did not 
come to light until after the problem 


material being 


solids . 
however, 


of trying to load the furnace according 
to the specifications on pounds of mois 
ture to be evaporated and dry solids 


to be burned was causine great diffi- 
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culty. Temperatures were constantly 
at the critical point making it neces- 
sary to install water sprays at various 
In view of this it was decided 
Btu 
value of the solids was 


points. 
to have some tests run and thus 
the high heat 
discovered. These tests were used as 
an added aid in determining loading 
limits. Their value has been such that 
heat-value tests have become a part of 
the operating program. 

Among other odd problems was the 
presence of a material in the sludge 
later determined to be of an asphaltic 
The first indication of the 
problem was evident in the difficulty 


origin. 


experienced in maintaining slingers on 
the rotating the mill. 
These wear very rap- 
idly and permit a buildup in the cage 
mill which 
stall the cage mill. 


bars in 


cage 
slingers would 
brake and 
This would neees- 


would act 


as a 


sitate a shutdown to open and clean 
Originally a 3- to 4-hr 
shutdown could be expected but the 
proficient that 
shutdown time was eventually cut to 
lhr. To help prevent emergency shut- 
downs with the resultant possibilities 
filled with sludge, am- 
meters were purchased and connected 
The 


operator was instructed to shut down 


the cage mill. 
operators became so 
of a cage mill 
into the eage mill motor circuit. 
started to rise 


and reached a certain point. In this 
manner an orderly shutdown was ob- 


when the load current 


tained and all the cake was taken from 
the filters. After considerable prelimi- 
nary work in attempting to identify 
the material that the 
trouble, it was decided to make a plant- 
to-plant survey 


Was causing 
realized 
that during this time thines had been 
Rou- 
tine inspections were showing that the 


when it was 


running smoothly for some time. 
buildup was being kept under control 


and that 
more than a normal operation would 


wear on the slingers was no 
cause. Due to this factor the plant 
held 


developments. 


survey was up to await further 


To date there has been 


no recurrence of this problem. 


| 
| 
| 
. 
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Operating Problems 


In addition to the unusual startup 
problems all routine problems have 
been encountered. One such problem 
is the blinding of the filter medium. 
During 1958, 325 gal of muriatie acid, 
diluted 50 per cent with water, was 
used for cleaning filter cloths. This 
was applied with long handled serub 
brushes which is admittedly dangerous, 
messy, and inefficient. At the present 
time a spray rig is being built. The 
rig consists of nozzles set in a manifold. 
In addition, daily washings with the 
water sprays and periodic washings 
with a detergent have helped. The de- 
tergent used is triethanolamine alky] 
aryl sulfonate purchased from a_ local 
chemical house. This is diluted 1,200 
to 1 and the filter drum is rotated in it 
for several hours. 

Late in the fall of 1957 a two-shift 
operation was set up. Until this time, 
operation had been somewhat sporadic 
and sludge seemed to be in every avail- 
able spot. The holding tanks were full 
and the settling tanks in use were little 
more than poorly operated Imhoff 
tanks. It was imperative, therefore, 
that every effort be made to maintain 
an accelerated schedule to relieve the 
situation, 

The operating schedule set up con- 
sisted of two, four-man shifts; two men 
for the filters and two men for the in- 
cinerators. One shift operated from 
7 aM to 3 pm and the second. shift 
from 8 pm to 11 pm. Allowing one 
hour in the morning for startup and 
one hour at night for cleanup, a 14-hr 
working day could be maintained. The 
hour in the morning is usually needed 
only on Monday morning since for the 
balance of the week burning is usually 
started in from 35 to 45 min. This time 
is always dependent on the ability of 
the filter operators to get the filters 
rolling as the incinerator is invariably 
ready. The hour allowed for shut- 
down is used to thoroughly clean the 
filtering equipment. 

During operation the incinerator 
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operator is the man responsible for de- 
termining the number of filters to be 
used and the amount of filter cake 
needed. It is the responsibility of the 
incinerator operator to interpret. the 
readings on his gauges so that he ean 
keep the filter operators correctly in- 
formed of operating conditions in order 
that they might produce the proper 
amount of filter cake for the most ef- 
ficient loading of the drying units. 

At the beginning of 1958 the sludge 
load averaged 80,000 gpd of about 6- 
per cent solids. Hlowever, certain 
percentage of this was what might be 
referred to as a recirculated sludge. 
The supernatant from the sludge hold- 
ing tanks contained a heavy concentra- 
tion of solids which was returned to the 
inlet of the plant and put through the 
settling tanks, along with the incoming 
flow. A large share of this would again 
be removed in the settling tanks and 
the eyele would repeat again. It is 
now expected, however, that this ac- 
cumulated backlog can be eliminated. 


Operating Procedure 


On Mar. 1, 1958, a revised system 
of records was installed to accumulate 
operating data which it is hoped will 
shed light on ways to improve operat- 
ing efficiency. This is still under con- 
tinual revision as various problems 
arise. However, the operating data 
which follow are as accurate as present 
practice and facilities allow. It is 
known that there have been long peri- 
ods of time when the filter-cake scales 
were in error. By operating the dry- 
ing equipment with temperatures as a 
controlling factor, estimated loadings 
showed the units were being loaded 
within the design capacity. At other 
times, the availability of sludge became 
a limiting factor and all available fil- 
ters were pressed into duty to keep one 
of the two incinerator units operating. 

It should be pointed out here that all 
operations described are based on the 
use of only one of the two incinerating 
units and alternating the operation 
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monthly. 
felt to be the most economical at this 
time. support this 
first, power costs which include 


This method of operation is 
Several reasons 
view : 
a demand factor would be materially 
increased if two units were run on a 
additional 
materials would have to be 
expended to maintain a higher produe- 


part time basis; seeond, 


labor and 


tion of filter cake, and there have been 
times when, due to the sludge charae- 
terestics, it would have been impossible 
two with the 
all filters; third, by 
alternating operation of the incinera- 


to operate incinerators 


vield from SIX 
tors the maintenance force can proceed 
with a routine program of inspection 
and repair of necessary items during 
the normal work day. 


Operating Data 


Data in Table I show how the vary- 


ing sludge characteristics affeet op- 
erating conditions. 

On July 15, 1958, a 14-hr run 
posed of 111,000 of filter 
Moisture content 69.7 per 
cent, 77,446 lb of water was evaporated 


or an average of 5,300 Ib/hr which is 


dlis- 
cake. 


averaged 


78.5 per cent of the design factor of 
7,000 Ib/hr. Dry consumed 
amounted to 33,667 or 2,400) Ib/hr 
which is 80 per cent of the design fig- 
ure of 3,000 Ib/hr. The Btu value of 
the filter cake on this day was 2,585, 
with 37.7 
Fuel consumption necessary to main- 


solids 


only per cent volatiles. 


tain combustion amounted to 771 gal of 


oil. The excessive amount of oil used 


TABLE I. 


Vola- 


Filter 
tiles 


Cake 


Ib) 


Heat 
Value 


Mois 
ture 


of TS) 


111,118) 69.7 38 
32,000 74 55 
70.5 51 


2,585 
7,000 
5,000 


65,513 


* Btu value of oil, 149,000 Btu/gal. 
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heat release 
cent of design figures. 
The run of Apr. 24, 1957, was a 
short run of only 484 hr. 
lected for inclusion in 


brings the up to 91 per 


It was se- 
Table I because 
of the high heat content of the sludge 
Although no attempt was made 
during this run to load the incinerators 


cake. 


to capacity, the difference in oil con- 
immediately apparent. 
During the run of July 15, 1958, aver- 
age oil consumption 


sumption is 
was 5) gal/hr; 
on Apr. 24 the consumption was only 
tf val hr. Despite the short run and 
low loading creditable 
water and 


efficiencies in 


evaporation heat release 
were attained. 
The last day, June 10, 


chosen 


1957, 


the sludge cake was 


was 
because 
very close to the type on which the de- 
the units was 
This was a 7-hr run with an 
load of 9,300 Ibvhr. con- 
sumption again was low, totaling only 
16 eval. 

Table II is a tabulation of general 
operating data for 1958. The 
firures for the incinerator include the 


sign of incinerating 
based. 


average 


power 


operation of auxiliary equipment such 
as oil tank and line heaters, deep well 
which for 
pumps. 
the 
motor ratings and 


pump furnishes water ash 


removal, oil pumps, and ash 


Filtration power is estimated on 


basis of connected 
time of operation. This figure is un- 
doubtedly high because all the motors 
involved operate for the most part well 
below full-load values. 


Chemical use is calculated daily 


A Comparison of Operating Efficiencies with Design Factors 


Per Cent of Design 
Water 
Vay 
Ib) gal)* Water 
Ib 


Evap 


77,446 
23,700 
16,046 


8,300 
19,267 


= 
- 
: 
| 
: 
= 
& 
; 
ase 
sumed 
ea 7/15/58) 14 33,667 | 771 79 80 91 
1/24/57 1.75 | 19 72 59 72 
6/10/57, 7 16 95 9] 87 
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TABLE II.--Summary of Operation of Sludge 
Disposal Facilities 
Item Amount 

Total days of operation 227 
Total hours of operation 2,785 
Filter cake produced (1,000 Ib) 19,918 
Filter cake produced per hour (Ib) 7,200 
Filter cake moisture (%) 70.6 
Dry solids in filter cake (1,000 Ib). 5,852 
Btu content of filter cake: 

Avg 3,417 

Max 4,992 

Min. 2,552 
Lime used (1,000 Ib) 853.7 
Ferric chloride used (1,000 Ib). 316.8 
Auxiliary fuel: 

Warmup (gal 8,821 

Burning (gal) 119,000 
Power for incineration (kw) 442,000 
Power for filtration (kw est.) 249,000 


from work sheets turned in by the 
operators and is based on counter read- 
Periodic checks 
of filter-cake scales have revealed over- 


ings on the equipment. 


weighing errors as great as 15 per cent. 
Rather than attempt to improve the 
over-all picture by using a correction 
factor, which at best could be called an 
educated guess, the seale figures as re- 
corded have been used. 

Tables I1T and LV are a summary of 
cost figures for the year 1958. These 
Table 
In Table ITT oil consumption in- 


figures are based on the data in 
IT. 
cludes both warmup oil and oil con- 
sumed during burning. Labor costs 
are for operating personnel only. 

A comparison of Camden's costs, as 
shown, with other cities whose data are 
available suggests that cost reductions 


TABLE III. Operating Costs for Filtration 
and Incineration During 1958 


Item Filtration Incineration 
Labor $ 9,352.40 $ 9,352.40 
Power 2,006.40 5,310.00 
Fuel 11,366.06 
Lime 8,293.12 


Ferric chloride 15,665.50 


Total $36,307.42 $26,028.46 


DISPOSAL 


at Camden are a distinct possibility. 
The experience gained during the past 
year and the data accumulated provide 
a starting point for continued improve- 
ment in operational efficiency. 

One of the main items of interest to 
all superintendents of sewage treat- 
ment plants is the cost of maintenance. 
It is a rather well accepted fact that 
city fathers are prone to overlook 
budgetary for maintenance 
once the equipment is installed. 
age is in itself inherently destructive 
to almost any material it comes in con- 
tact with, whether through abrasion, 
corrosion, or just general deterioration. 
The addition of highly corrosive acids 
and the use of high temperatures do 
not tend to alleviate these character- 
istics. 


requests 


Sew- 


In spite of these factors it is not 
felt that maintenance costs of the filter- 
ing and incinerating equipment at 
Camden have been excessive. As men- 
tioned previously, three of the original 
filter cloths installed in Apr. 1956 are 


TABLE IV. Unit Operating Costs for 
Filtration and Incineration 
During 1958 


Item Cost 


Cost of disposal (per ton of dry solids) $21.29 


Cost of filtration (per ton of dry solids) 12.40 
Cost of incineration (per ton of dry 
solids) 8.89 


still in daily use. Several weigh belts 
have been renewed on the lime slakers 
and minor repairs to the ferric chlo- 
ride pumps have been made. 

In the past vear a set of burner tile 
was installed in each incinerator, some 
fifty bars were renewed in the cage 
mill, and after a close inspection of the 
brick work in one of the units, approxi- 
mately two bags of patching refractory 
were used to up 
spalling. In addition, some 


minor 
four or 
five flights on the ash conveyor were 
replaced, 


cover some 


Maintenance of the equipment is 
based on a program which assigns spe- 


cific duties to each operator. General 
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maintenance work is handled by the pose of the plant is defeated. 
chief mechanic and his crew. All The disposal of sludge is an expen- 
motors are the responsibility of the sive operation by any method now in 
electrician, use in large installations. 
‘ The equipment in use at Camden 
Summary and Conclusions has a high degree of flexibility and is 
The experiences at Camden point to readily adaptable to changes in op- 
the fact that the disposal of sludge is — erating demands. 
a controlling factor in the efficiency of With additional experience in filtra- 
any sewage treatment plant. Unless a — tion and incineration it is believed that 
means of disposing of sludge as it ae- considerable improvement in efficiency 
cumulates is available the entire pur- and cost reduction can be attained. 


RAPID STARTUP OF DIGESTERS AT A SMALL 
TREATMENT PLANT * + 


Haroup E. Orvrorp, D. EGan, Joseru P. FoLey 
sor, Department of Sanitation, Rutgers Universitu, New Brunswick, N. J: 


ntendent, Water and Sewer Department, Tarrytown, No. Y¥.: and Sanitary 
Knaginecr, Elson T. Nillan fssociates, Ine., Millburn, N. J. 


Tarrytown, N. Y., is served by a pri There are two schools of thought 
mary sewage treatment plant having  concerniny the proper method — of 
one primary and one secondary di- starting sludge digesters the ab- 
vester. Kor many years only one di- sence of adequate amounts of digested 
vester was used since it seemed to sludge for seed. The first advocates 
meet the digestion needs of the plant startup without lime addition under 
adequately a very low sludge load (10 per cent 

Through a series of unfortunate cir- of design capacity or a volatile solids 
clunstances, the single digester in use load of not more than 10 Ib/day /1,000 
went sour, gas production stopped, and cu ft). The portion of the sludge not 
the process failed. When the primary pumped to the digesters must, of 
digester, which had not been in use, course, be disposed of separately or 
was placed in service without using discharged with the effluent. 
lime, it also went sour before digestion The second school of thought sub- 
and vas production could be initiated. scribes to the belief that digesters 
In addition, the heavy sludge and scum — should be able to be started under full 
accumulation damaged the sludge heat load by maintaining pll control with 
ing coils Inasmuch as an operating lime and that it should not be neces- 
digester was needed urgently, it was sary to bypass solids except possibly 
decided that the primary digester with heavily loaded high-rate digesters. 
should) be emptied, repaired, and 
started as quickly as possible, prefer Low-Load Startup 


ably under full load. 
Schlenz’s (1) recommendations for 
Paper of the Journal Series, New Jersey starting a digester are, in part, as fol- 
Agricultural Experiment Station, Rutgers | 
University, New Brunswick, N. J. OWS: 

t Presented at the Spring Meeting, New 
York Sewage and Industrial Wastes Assn.; Startup olume. se least ca- 


Upper Saranac Lake, N. Y.; June 8-9, 1959. pacity available. Start one digester 
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at a time. Fill tank only sufficiently 
to float the cover. 

2. Seeding Culture.—Not 
but will help. If seeded, add enough 
seed sludge to give 0.5-per cent sludge 
solids in tank liquid. 

3. Sludge Feed—Feed gradually. 
Add no more than 10 per cent of an- 
ticipated sludge volume each day. 

4. Contents Recirculation—Reeirecu- 


necessary 


late digester contents (bottom to top) 
at least 2 hr each day. 

5. Volatile Determination. 
Determine volatile acids daily before 
adding feed sludge. Volatile acids 
should not be OOO) me If 
volatile acids concentration shows con- 
tinued 2,000 me/l, or 
digestion does not start, reduce or stop 
feed of raw sludge. 


Acids 


over 


increase over 


The difficulties in starting the di- 
the Little Miami 
Works in Cincinnati are described by 
Backmeyer (2). In their first attempt, 
raw sludge was pumped to the primary 
without using lime for pH 
control at a volatile solids loading of 
about 50 Ib/day/1,000 cu ft. Natu- 
rally, acid digestion set in, the pl 
dropped to 5.3, and the digesters were 
filled with sour sludge. A new start 
was then made on a primary digester 
employing the Schlenz method of di- 
vester startup control, using 3,000 cu 
ft of digested sludge from another 
plant in the 80,000-cu ft digester. For 
the 40 days the volatile solids 
loading was held down to 10 Ib/day 
1,000 cu ft. Recirculation prac- 
ticed 4 to 6 hr daily and the tempera- 
ture was held at 85°F. Whenever the 
volatile acids concentration rose above 


gesters at Sewage 


digester 


first 


Was 


1.800 me/l sludge feed was stopped 
until it dropped. 

After 60 days, the volatile solids 
loading was increased to 50° Ib/day 
1,000 cu ft, and after 100 days, to 80 
Ib/day /1,000 cu ft. 
startup, the pH was 6.5. 


Korty days after 
In 100 days 
it had risen to 7.1.) It was concluded 


that the Schlenz method of 


startup 
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control enabled digestion to be estab- 
lished within 60 to 100 days. 


High-Load Startup 

When lime can be used effectively 
for pH control from the beginning of 
startup, can be established 
in 20 to 40 days under full digester 
loading. Van Kleeck (3) states that 
for over 25 years plant operators in 
Connecticut 


digestion 


have been given a guide 
for digester startup from the Connecti- 
cut State Department of Health and 
that, when these instructions are fol- 
lowed, burnable gas can be produced 
in 30 to 40 days. 

Van Kleeck’s method for digester 
startup is essentially as follows: 


1. Fill digester with sewage and wa- 
ter. 

2. Heat contents to 85°F. 

3. Daily (or more often) add fresh 
raw together with hydrated 
lime of high oxide content. 

4. Add 10 to 15 ib of lime per 1,000 
connected 


solids 


population or enough to 
maintain pll at from 6.8 to 7. If pil 
drops below 6.8 more lime should be 
added. 
daily at several levels after recireula- 
tion, especially in the bottom sludge. 

». Cireulate sludge from top of di- 
vester to the bottom, or to the middle, 
several hours per day. 


Check of digesting sludge 


At the 1957) Operators’ Forum, 
Sawyer (4) gave his opinion that di- 
vesters should start under full load 


and be able to establish digestion. His 
suggestions for startup were similar to 
those given by Van Kleeck (3). 

Cassell and Sawyer (5) studied in 
the laboratory the startup of high-rate 
digesters. Using mixed primary and 
activated they found 
that digestion could be initiated in 20 
days with  burnable-gas 
about half of what. it 
digestion is well established. 


waste sludges, 
production 
is after normal 
The di- 
vesters were continuously mixed, and 
lime was added from the beginning to 
maintain the pT between 6.8 and 7.2. 
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TABLE I.--Capacities of Treatment Units 


Population equivalent 
Flow (mgd) 
Primary settling: 
Avg det. (hr 
Surface overflow rate 
Digester capacities: 
Primary (cu ft 
Secondary (cu ft) 
Total (cu ft cap 
Sludge drying beds (sq ft) 
Sludge drying beds (sq ft/cap) 


(gpd sq it 


For the digester receiving the highest 
loading (volatile solids loading of 160 
Ib/day/1,000 cu ft), the volatile 
content went as high as 5,800 
failure, 


acids 
| without causing 
the sludge 
ously fed each day on a 20-day-deten- 
After 29 days, 
lime addition was not necessary, and 
up to that time the total lime 
was Ib 1,000 cu ft. 


mie even 


though raw was continu- 


tion-period loading. 


used 


Tarrytown Startup 


The basic data concerning the treat- 
plant Table I, 
shows the Tarrytown plant to be a 


ment units, given in 
conventionally designed small primary 
The settling 
tanks have a fairly high surface over- 
flow rate; 


sewage treatment plant. 


and judged by present day 


AND INDUSTRIAL 
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standards the covered sludge drying 
beds are somewhat undersize. 

In order to simplify startup proce- 
dures on the one digester available, it 
decided that a constant amount 
of sludge (400 cu ft/day) would be 
fed. 
viven in 


Was 


The average sludge loadings are 
Table II. The analytical con- 
trol was also simplified to the point 
where only colorimetric determinations 
of pH were made. The following sug- 
gestions for starting the primary di- 
made to the operating 


vester were 


personnel : 


1. Fill the digester 
with sewage and bring the tempera- 
ture up to at least 90°F before adding 
sludge. Maintain sludge temperature 
between 90 and 100°F. 

2. Add the full load of raw sludge 
(400 eu ft/day) to the digester and, 
add 


feeder. 


floating-cover 


simultaneously, lime 
the 


3. Recirculate sludge from the bot- 


hydrated 


through lime 


TABLE II. Primary Digester Startup Loading 


Raw sludge volume (cu ft/day) 
Detention period (day) 

Dry solids fed (Ib/day 

Volatile solids fed (Ib/day) 


Volatile solids fed (Ib/day/1,000 cu ft 


12,000 


8 


GAS PRODUCTION (cu ft /day) 
> 


Start Secondary Digester 


— Sludge Bed Filled 
4 


N oN 
ow 
H 


FIGURE 1.—Gas production, pH, and lime added during digester startup. 


LIME ADDITION 
(Ib /day ) 
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TABLE III.—Sludge Analyses after 
Initiation of Digestion 


Date 
Item 
| Dec. 23) Feb. 3 | Mar. 9 | May 29 
pH 67; | 
Volatile acids | 
(mg/l) 1,290 | 2,570 700 
Alkalinity | 
(mg/l) | 2,000 2,350 
TS (mg/l) me! 5.7 6.5 6.9 
Ash (%) | 42.3 47.5 | 53 
VS (as % of | 
TS) | 57.7 52.5 | 47 | 
| | 


tom of the digester at least 2 hr each 
day (preferably 4 hr), adding lime 
until daily lime dose is added. 

4. Take sludge sample after about 
1 hr of recirculation for pH determina- 
tion. Maintain pH of digesting sludge 
between pH 7.0 and 7.2, if possible, 
by adjusting lime dosage. 


The first sludge was put into the di- 
gester on Nov. 14, with the water in 
the digester at 98°F and the pH at 
7.2. By Nov. 26, the 12th day, the 
pH had dropped slowly to 6.5 and the 
temperature went to 96°F. At. this 
time, the operators were ready to in- 
crease the lime feed when there was a 
sudden, unexplained increase in pH to 
7.5. These changes are shown in Figure 
1, which shows the gas production, pH, 
and lime addition starting with the 
llth day, Nov. 25. The gas production 
curve has been somewhat smoothed by 
using a four-day moving average. 

Gas production started suddenly 30 
days after the first sludge was intro- 
duced. Within 2 days after the first 
vas production, it was possible to burn 
the gas in the boiler, and within 2 
weeks, full production was 
achieved. Some additional information 
the condition of the di- 
vesting sludge is given in Table IIL. 


vas 


concerning 
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As would be expected, the volatile sol- 
ids content of the sludge continued 
to decrease after gas production 
started. The increase in volatile acids 
concentration to 2,570 mg/l on Mar. 
9 gave some concern, however, the pH 
and alkalinity were being maintained 
by the continued addition of a small 
amount of lime and there was no 
danger of the digester going sour. 

By Feb. 3, the secondary digester 
was cleaned, repaired, and ready for 
service. Transfer of sludge from the 
primary digester was begun and the 
digestion system was placed on a two- 
stage basis. 


Conclusions 


It is possible to start conventionally 
loaded sludge digesters under condi- 
tions of full-design load. 

To start a digester under full-load 
conditions (a) the pH of the digesting 
sludge should be kept between 7.0 and 
7.2 by daily additions of hydrated lime, 
and (b) the digesting sludge should 
be recirculated daily from the bottom 
of the digesters ; if possible, the volume 
of sludge recirculated should be 3 to 
4 times the daily 
tion. 


‘aw sludge addi- 
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Boat Pollution Control * 


The Outboard Boating Club of 
America has recently issued a ‘‘ Model 
Act on Sewage Disposal from Boats’’ 
as a unit of its omnibus boating code. 
This action was taken in recognition of 
the importance, especially to the pleas- 
ure-boat industry and the participating 
public, of keeping recreational waters 
free of pollution. The Club is cog- 
nizant of the conditions resulting in 
certain lakes and coastal basins from 
the unregulated discharge of sewage 
from boats and refers to the availa 
bility of inexpensive devices, attach- 
able to marine toilets, for treating the 
sewage. 

The model law is based substantially 
on the boat pollution control act passed 
by the State of New Hampshire in 
1957. This statute, which became ef- 
fective on December 31, 1958, also 
formed the basis of a model law pro 
posed by the Council of State Govern- 
ments for consideration by state leg 
islatures. As an introduction to its 
suggested legislation the Council said: 
‘*In some of the states, recreation and 
vacation facilities have become a major 
industry. Lakes and rivers rank as 
primary attractions among such facili 
ties. If polluted, they immediately lose 
their attractiveness and become a posi- 
tive menace Hlenee . . . |there is a 
need for early and effective action 
against potential blight caused by care- 


less sewage disposal.”’ 


Indirect Effects of Wastewater 
on Fish + 
Polluting effluents may cause the 
death of fish by asphyxiation or by 
poisoning ; even if they do not do this, 


*From the May 1959 Newsletter of the 


New England Water Pollution Control Com 


mission, 


+ From Notes on Water Pollution (Sept. 


1958). 
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however, they may seriously damage 
a fishery in other ways. For example, 
salmon and trout require clean gravel 
for spawning and the deposition of 
organic matter or mud on this will 
render it unsuitable. Both dissolved 
and insoluble constituents of effluents, 
through their action on the plants and 
invertebrate animals in streams, may 
reduce or alter the supply of fish food 
available. It may be—though little 
quantitative evidence is available 
that fish will not occupy stretches of a 
river in which there is more than a 
certain concentration of substances 
which they find obnoxious. It has been 
thought that they may leave water 
which is at too high a temperature— 
usually because of the discharge of 
heated cooling water; research on this 
point is at present in progress. Some 
substances may cause tainting of fish 
and thus reduce their market value; 
the most frequent complaint is of 
tainting of salmon by phenolic sub- 
stances. In general, much is 
known about these indirect effects than 
about the more direct effeets of pollu- 
tion in causing the death of fish, al- 
though again our knowledge is confined 
principally to the effects on adult fish 
rather than on fry and eggs. 


AEC Orders Licensees to Improve 
Safety of Mill Operations 


The Atomic Energy Commission has 
issued follow-up orders to the operators 
of five uranium processing mills in a 
further step to assure that concentra- 
tions of radioactive material in mill 
areas "nd in wastes discharged into 
streams are brought within permissible 
limits established in Commission regu- 
lations. 

Under the new orders, performance 
is made a condition of the companies’ 
licenses to possess and process uranium 


ores. 
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The plants affected are the Uravan, 
Colo., and Green River, Utah, mills of 
Union Carbide Nuclear Company ; the 
Durango, Colo., mill of Vanadium 
Corporation of America; the Maybell, 
Colo., mill of Trace Elements Corpora- 
tion (a unit of Union Carbide Corpora- 
tion); and the Salt Lake City, Utah, 
mill of Vitro Uranium Company. 
Corrective actions planned include 
improved control procedures for the 
discharge of wastes into streams; fur- 
ther use of settling ponds to reduce 
the concentrations of toxie and radio- 
active materials in mill effluent; 
equipment additions and modifications 
to reduce mill dust including use of 
mist sprays to wet down uranium, and 
use of industrial vacuum cleaners, air 
ducts, and dust The mills 
will survey pro- 
vrams to determine the effectiveness of 
taken to reduce dust and, 
where necessary, to lower the concen- 
trations of 
cluding 
streams. 


collectors. 
conduct improved 


measures 


radioactive 
radium, 


materials, in- 
discharged — into 
Some measures have al- 
ready been accomplished others 
will be carried out in the next few 


corrective 


months. 

In a related action, the Commission 
has issued a letter order to the Uranium 
Reduction Company, directing the 
company to submit a detailed plan for 
bringing operations at the Company’s 
Moab, Utah, mill into compliance with 
licensing regulations, 


ORSANCO Asked to Intervene in 
Huntington Case * 

West Virginia’s commissioners on 
the Ohio River Valley Water Sanita- 
tion that 
agency to intervene in the longstand- 
ing dispute between the State Water 


Commission have asked 


Resources Commission and the city of 
Huntington. 


"From West Virginia Waters (June 1959). 
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The Commission ordered the City in 
1949 to cease polluting the Ohio and 
Guyandotte Rivers. The case bounced 
up and down from the Cabell County 
Circuit Court to the State Supreme 
Court until 1953, when the Supreme 
Court ruled to uphold the validity of 
the order. In 1955, the 
Commission sought to indict officials of 
the City for failure to comply with 
the 
Cabell County Grand Jury refused to 
return an indictment. 

Construction on the project finally 
did get started in 1957, but the City 
has now proposed a pay-as-you-go plan 
which would require until about 1969 
to complete the project. At its meet- 
ing on April 16, 1959, the Commission 
denied the City’s request for any ad- 
ditional time other than that required 
for the immediate issuance of bonds to 
finance construction of the system. 

At the June meeting of the Ohio 
River Valley Water Sanitation Com- 
West Virginia asked that 
agency to step into the case since it, 
too, had served notice on the City in 
1952 to cease pollution of interstate 
waters. On June 18, 1959, the Ohio 
River Commission directed the city 
of Huntington to present a reasonable 
plan of action prior to October 1, 1959. 
done, the Ohio River 
Commission stated that it would initi- 
ate such procedures as it may deem 


Commission 


the Commission’s order; however, 


mission, 


Unless this is 


necessary to bring about compliance by 
the City with the requirements of the 
interstate compact. 

Under the terms of the compact, the 
Ohio River Valley Water Sanitation 
Commission after 

the 
The compact reads 


may issue orders 


holding a hearing establish 
fact of pollution. 
that ** Any court of general juris- 
diction or any U.S. District Court in 
any of the signatory States shall have 
the jurisdiction, by mandamus, injune- 


tion, other 


specific performance or 
form of remedy, to enforce any such 


order. . 
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News and,;Notes 


Of Persons and Activities in the Wastewater Field 


Bernard S. (Bernie) Bush, 
Sanitary Engineer of the Pennsylvania De- 
Health, died in August. He 
had served as Secretary-Treasurer and latet 


Regional 
partment of 


as President of the Pennsylvania Sewage 
and Industrial Wastes Association. At the 
time of his death he was one of the Penn- 
sylvania Directors on the Federation Board 
of Control. 

Paul A. Harlamert has become a part 
ner in the engineering firm of Jones, Henry 
and Williams, Toledo, Ohio. 

Charles Yeomans, «o-founder and Chair- 
man of the Board of Directors of Yeomans 
Brothers Company, died recently. 

Dr. H. Heukelekian, Head of the De- 
partment of Sanitation at Rutgers Univer 
sity and Chairman of the FSTIWA Research 
Committee, toured several Furopean coun 
His trip included 
technical visitations and professional con- 
tacts in the 
slovakia, 
Denmark. 

C. E. Keefer has been appointed Sew- 
erage Engineer for the city of Baltimore, 
Md. Assistant Bureau Engi- 
neer im recent years. 

N. Young DuHamel, Jr. has been elected 


Vice-President of sales and advertising for 


tries during the summer. 


following countries: Czecho 


Russia, Sweden, Norway, and 


He has been 


Centerline Corporation, a subsidiary of 
Raymond International, Ine., New York. 

William E. Dobbins and Donald J. 
O’Connor, Professors at New York Uni- 
versity and Manhattan College, have been 
awarded the American Society of Civil En- 
Rudolph Hering Medal for their 
paper, “Mechanism of Reaeration in Natu- 
ral Streams.” 

Alden E. Stilson & Associates, Limited 
of Columbus, Ohio, announced that John 
C. Bumstead has joined the organization 
as an Associate Engineer, 

Gustav J. Requardt of Whitman, Re- 
quardt & Associates, Baltimore, Md., was 
named an Honorary Member of the Ameri- 


can Society of Civil Engineers at its meet 


ing in Cleveland, 


Harvey F. Ludwig, President, Engi- 


neering-Science, Ine., consulting re- 
search engineering firm with headquarters 
Calif., has 
a San Francisco Bay area of- 
fice and laboratory at 4144 Telegraph Ave- 
nue, Oakland, Calif. 

Lawson D. (“Deac”) Matter, Chief of 
State Health Depart- 
water supply retired re- 


in Pasadena, announced the 


opening ot 


the Pennsylvania 
ment’s section, 
cently after 40 years of uninterrupted serv- 
ice. Ele was on the Federation Board of 
Control during the late 1940's, 

Ben Benas, former Superintendent of 
the Bureau of Sewer Repairs and Sewage 
Treatment, San Francisco, has been ap- 
pointed Chief Purchaser for the City and 
County of San Francisco, Calif. 

John M. Robertson has been named 
Manager of Drainage and Allied Products 
Sales of Armco Drainage and Metal 
Products, Inc., Middletown, Ohio. 

W. B. Williams has been named Man- 
ager of the new sanitary office ot 
Dorr-Oliver Incorporated in Winter Park, 
Fla. 

Clarence I. Sterling, Jr. has transferred 
from the Massachusetts Department of 
Public Health as Chief Engineer and Di- 
rector of Engi- 
neering to the position of Chief Engineer 
of the Massachusetts Water 
Commission in Boston. 

Don T. Kearby has been appointed 
sales manager of the Texas Vitrified Pipe 
Company, Mineral Wells, Tex. 

Robert L. Rice, former Director and 
Vice-President of Fischer and Porter 
Company, Hatboro, Pa., has become Vice- 
Philadelphia 


whose 


sales 


the Division of Sanitary 


Resources 


President in charge of the 


office of Laney Laboratories head- 
quarters are at Zelienople, Pa. 

Richard Hazen of Hazen and Sawyer, 
New York; and W. H. Wiseley, Executive 
Secretary of ASCE, were among those ap- 
pointed consultants to the Council on En- 
gineering Affairs of Manhattan College. 

Burton A. Scheidt has been appointed 
Chief Engineer of the Metropolitan Sani- 
tary District for Greater Chicago. 
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Photos courtesy Dorr-Oliver 


SAFETY-ENGINEERED 


SEWAGE EQUIPMENT 
at new Oxnard, California 
Sewage Plant 


FOR SAFETY’S SAKE, on this recently started 6 

MGD sewage treatment plant built for the City of 

Oxnard, California, contractor Fred J. Early and 

consulting engineers Currie Engineering chose the of safety-engineered 
“Varec” Fig. 5800C Pressure Relief and Vacuum 

Breaker with Flame Arrester, and the Fig. 211A SEWAGE EQUIPMENT 


Back Pressure Check Valve + Pressure Relief + Pressure Relief 
and Vacuum and Flame Trap 


Over the years, “Varec” equipment’s record of safety, Breaker Valve Assembly 
quality and dependability has been established in 
thousands of communities throughout the United 
Assembly + Check Valves 

States and Canada. For maximum protection in the Explosion Relief 
control and regulation of volatile sewage gases, be Valves 
sure—specify “Varec”’. + Waste Gas Burners * Sediment Traps 

Request Varec Catalog S-3 + Flame Checks + Manometers 


THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 North Alameda Street, Compton, California 
Cable Address Varec Compton California (U.S.A.) All Codes 


Available from authorized Sewage Equipment agents 
throughout U.S. and Canada 
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SEWAGE AND INDUSTRIAL WASTES 


Equipment and Supply Lines 


Valve Converter— Catalog V-200 de 
scribes the equipment necessary to con- 
vert hand-operated 
operated valves.—C, 
Co., 19th and 
phia 32, Pa. 


valves to motor- 
I. Wheeler Mfe. 
Lehigh Ave., Philadel- 


Asbestos-Cement Pipe — Transite 
pipe is now available in crushing 
streneths of 1,500, 2.400, 3,300, 4,000, 
and 5,000 psi, and in diameters rang- 
Johns-Manville 
St.. New York 


ing from 6 to 30 in. 
Corp., 22 East 40th 
16. N. ¥. 

Sewer mechanical 
bucket 


sewer 


Cleaning —.\ 
machine is in use to enable 
transferred 
into a 
Flexible, 


deposits to be 
manhole directly 
truck with a two-man team. 
Inc., 3786 Durango Ave., Los Angeles 
37, Calif. 


through a 


UNUSUAL 
OPPORTUNITY 
for 


Civil or Sanitary Engineer 


Fully experienced in the construc 


tion of medium or small sewage 


treatment plants. Applicant should 
have a good personality and ex 
ecutive ability to lead headquarters 
in Washington, D. C. area for the 


United States. Employer will be 
Con 
Full de 
tails of qualifications and experi- 
held 
Reply to Box L, Sewage and In- 
dustrial Wastes, 4435 Wisconsin 
Ave., N. W., Washington 16, D. C. 


a well-established German 


sulting Engineers firm. 
confidential. 


ence will be 


Plastic Gloves Polyethylene gloves 
that are rugged enough to be reusable 
and inexpensive enough to be dispos- 
able large, medium, 


are available in 


and small sizes. The gloves are pack- 
Twelve-glove to 1,000- 
vlove rolls can be selected. The price 
in rolls of 1.000 is about 
glove. — Plasticsmith, Ine., Chicago 
Daily News Building, Chicago, Il. 


Flow Tube—<A plastic insert-type 
Dall flow tube is announced for meter- 


aged in rolls. 


3 cents per 


ing ordinary liquids, gases, as well as 
Builders- 


Ave., 


acids, alkalies, and slurries. 
Providence, 345 
Providence 1, R. L. 
Sewer Design Slide Rule——A_pat- 
ented sewer design slide rule based on 
Cy RS, with 
being used to deter- 


Ilarris 


the Chezy formula, V 
Kutter’s formula 
mine C, 
Goldfien, 
waukee 6, 


is being 

1708 W. 
Wis. 

Compressor 


COMpPressors 


marketed by Irving 
Capitol Drive, Mil- 


A new line of rotary 
has been introduced by 
Morse and Co., 


Ill. The compressor is a two-impeller, 


Fairbanks, Chicago, 
helical-lobe type, axial flow, rotary ma- 
(Figure 1 
to-metal contact between impellers or 
with the 
it unnecessary to 


chine There is no metal- 


making 
lubricate the im- 


surrounding casing, 


pellers, Completely oil-free air or gas 
The 


on a Swedish design that 


is assured. compressor IS based 
has been in 


Kuropean service. 


FIGURE 1.—Rotary compressor. 
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SEWAGE AND INDUSTRIAL WASTES 


The SeweRodeR Opens 


Clogged Sewers Faster! 


The “Automatic” SeweRodeR affords the most econom- 
ical known way of opening sewer stoppages faster — 
RAIN OR SHINE. 


@ Flooded manholes are no problem. 


@ It rods more footage daily due to 


All set-ups and operations are 
from street level. A safety hose 
guides the rods into the sewer. 


It rods more footage in one run— 
up to 900 feet NON-STOP—due to 
its greater rod holding capacity. 


its super-speed and special safety 
control features which prevent 
damage to rods and machine, 


Underaverage conditions operator 
and helper can rod up to 4,000 ft. 
daily at a cost under 3c per foot. 


THE ONLY RODDING MACHINE WITH POSITIVE, NON-SLIP ROD DRIVE 


Let our representative give you the complete facts — 


or write for our 8 page SeweRodeR folder. 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 
415 S. ZANGS BLVD., DALLAS, TEXAS 
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AND INDUSTRIAL WASTES 


Proceedings of Member Associations 


TEXAS WATER AND 
SEWAGE WORKS 
ASSOCIATION 
The Texas Water and Sewage Works 
Association held its Annual Meeting at 
the Memorial Student Center, Texas 
A. & M. College, College Station, Tex., 
Mar. 1-6, 1959. The meeting was held 
in conjunction with the 41st Texas 
Water and Sewage Works Association's 
Short School. Registration totaled 812. 
A full many 
kinds of wastewater problems Was pre- 
Panel discussions were utilized 
Among the 
research in the 


program directed at 
sented. 


to good advantage. sub- 
jects discussed were: 
wastewater field; 
and inspection for sewer construction ; 
lift) station 


maintenance ; 


materials, methods, 


and maintenance; 
filter fly control ; 


design 


sewer 


sludge digestion and disposal; effluent 
reuse; problems surrounding relocation 
of sewers; industrial wastes; and safety 
in wastewater works. 

At the luncheon 
Federation Secretary Ralph E. Fuhr- 
man the forthcoming Fed- 
eration Annual Meeting and presented 
the Bedell Award for distinguished 
service to Roger Moehlman, Sani- 
tary Engineer, Harris County Health 
Department, Houston. The Hatfield 
Award for outstanding achievement in 
treatment plant operation went to 8. 
L. Allison, Superintendent, 
Treatment Plant, Corpus Christi. 

In addition, the Texas Section made 
the 
tivities and accomplishments : 


business session 


discussed 


Sewage 


following awards for unique ae- 


(Continued on page 450a 


perature changes. 


liners are furnished in two sections. 


PARSHALL FLUME LINERS 
FABRICATED FROM 


Chemstone flume liners are made of asbestos cement material impregnated 
with a special asphaltic compound under pressure. It will withstand shock, 
vibration and is impervious to most acids, alkaline solutions and rapid tem- 


Saves many hours of building forms for concrete pouring and is accurate 
within plus or minus 1/16". Flume liners with throats 3’ to 18" are furnished 


completely assembled for quick, easy installation. For throats 18" to 96" the 


Write today for further details and specifications. 


FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK STREET - ROCHESTER, NEW YORK 


“CHEMSTONE” 
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FSIWA PUBLICATIONS 


MANUALS OF SEWAGE AND INDUS- 
TRIAL WASTES PRACTICE 


Manual Price to Price to 
Number Title Members* Non-Members* 


1 Safety in Wastewater Works $1.50 
2 Utilization of Sewage Sludge as Fertilizer. 0.75 1.25 
3 Municipal Sewer Ordinances (Revised)... —ft 
4 


Chlorination of Sewage and Industrial 


Air Diffusion in Sewage Works 


Units of Expression for Wastes and Waste 
Treatment 


Sewer Maintenance 
Multiple wire binder for above manuals... 
Sewage Treatment Plant Design 


Design and Construction of Sanitary and 
Storm Sewers 


Uniform System of Accounts for Sewer 
Utilities (revised) 


OTHER FEDERATION PUBLICATIONS 


INDEX, SEWAGE WORKS JOURNAL, Volumes 1-20, 1928-1948 
(Subject, Author, and Geographic), buckram, $4.50. 


INDEX, SEWAGE AND INDUSTRIAL WASTES, Volumes 21-30, 
1949-1958 (Subject, Author, and Geographical), buckram, $4.00; paper, 
$3.00. 


GLOSSARY—WATER AND SEWAGE CONTROL ENGINEERING, 
paper cover, $1.00. 


* Discount of 15% on orders for 12 or more copies of any one manual. 
t Available in 1959. Write for prices. 


Order manuals by number. When remittance accompanies order, 
postage is prepaid. If an invoice is necessary, postage will be added. 
Checks may be made payable to FSIWA. 


FEDERATION OF SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 
4435 WISCONSIN AVENUE WASHINGTON 16, D. C. 
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150a SEWAGE 
To the city of Snyder for the sewage 
plant attractive 
accepted by Lloyd Holley. 
To the city of Austin for maintaining 
the best treatment plant laboratory 
accepted by Albert Ulrich. 
To the city of Odessa for the most 


presenting the most 
appearance 


advantageous use of treatment plant 
effluent—accepted by Mike Brenneman. 

To the city of Wharton for complet- 
ing the greatest improvements in sew- 
accepted by H. J. Hay- 


ave treatment 
hurst. 


The following officers were elected 
for the year 1959-60 to serve the Sew- 
age Industrial Wastes Section of 
the Water and Works 


Association : 


and 


Texas Sewage 


Chairman: T. L. Satterwhite, 


Ceeil 


saytown. 

Ist Vice-Chairman: Williams, 
Dallas. 

2nd Vice-Chairman: John Wold, Hous- 


ton 


188s 
The most modern method of SEWAGE SCREEN- 


ING for an even and continuous flow through 
sewage systems in large and small Cities. 


Manufacturers Since 


‘4 SEE the 
performance 
of the 
Gruendler 
Sewage 
Shredder 
in a City, 
near yours— 


(Locations 
on request) 


Shown) SINGLE UNIT with Bar Screens for Small 
Cities MULTIPLE UNIT Installations for, Large Cities 


City Officials have made great strides in their Sewage 
Treatment and Disposal Plants by the installation of the 
Gruendler Shredder (of special design with patented 
features) overcoming many difficulties. Leaves, sticks, 
rags and debris are speedily reduced to a fine consist- 
ency for a smooth sewage operation. 


Write to Dept. S.J.W.-1059 for illustrated catalog 


GRUENDLER CRUSHER 
and PULVERIZER CO. 


2915 N. Market St., St. Louis 6, Mo. 


AND INDUSTRIAL 


WASTES 


Secretary: V. M. Ehlers,* Austin. 


* Deceased. 


Asst. Secretary-Treasurer: Mrs. 
Il. Goodwin, Austin. 


Mrs. Eart H. Goopwin 
Asst. Secretary-Treasurer 


MARYLAND-DELAWARE 
WATER AND SEWAGE 
ASSOCIATION 


The 32nd Annual Conference of the 
Maryland-Delaware Water and Sewage 
held at the Com- 
mander Hotel, Ocean City, Md., June 
4-5, 1959. One hundred eighty regis- 
trants were in attendance. 


Association was 


In one of its most important business 
the Association adopted an 
‘Operators Certification Plan for Sew- 
Treatment Works 
Also, a proposed amendment changing 
the name of the Sewage Works Section 
Industrial Wastes 
Section was passed without debate. 

Of special interest to those in the 
sewage and industrial waste field were 
the following papers: 


SESSLONS, 


age 


Operators.”’ 


to the Sewages and 


‘*Delaware’s Radiological Program,’’ 
‘Certification of Plant 
“Closed Cireuit Television for 
Inspection,’ Effects of Detergents on 
Sewage Treatment,”’ 


Operators, 
Sewer 


**Sewerage Serv- 
‘*Treat- 
ment of Food Processing Wastes,’’ and 
“Service Problems in the Regulation 
of Water and Sewage Utilities.”’ 


ices Land Development,’’ 


Officers elected for the year 1959-60 
were as follows: 
President: Louis E. 

Park, Md. 

First Vice-President: C. Gordon Rems- 
burg, Fort Meade, Md. 
Vice-President: A. 

lovsky, Dover, Del. 
Secretary-Treasurer: William A. 

ley, Baltimore, Md. 


Otts, Jr., 


College 


Necond Joel Kap- 


sing- 


A. BINGLEY 
Seerctary-Treasurer 
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DIRECTORY OF ENGINEERS 


(Continued through page 458a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Flood Industria! Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


ANDERS@N-NICHOLS 
Slompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers Airport Design —Sewage Disposal 
Systems —Water Works Design and Operation —Surveys 
and Maps—City Planning — Highway Design —Conatrue- 
tion Surveys —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. O. Box 166 Crystal Lake, Ilinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemica! Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canad 


HOWARD K. BELL 
Consulting Engineers 
G. 8. Beir C. G. Garruer J. K. Latnam 
J. W. Finney, Jr. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. 
Consulting Engineers 
Industrial Waste 
Industrial Water 

Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


It pays to secure competent and experienced engineering advice! 
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SEWAGE 


AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 
Consultants 

CLINTON L. BOGERT IvAN L. BoGerT 
DONALD M. DITMARS ROBERT A. LINCOLN 
CHARLES A, MANGANARO WILLIAM MARTIN 
Water & Sewage Works 
Drainage 
Highways and Bridges 


Incinerators 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—Industrial 
Wastes—Refuse Disposal— Municipal 
Projeeta—Industrial Buildings—Reports— 
ns—Specifieations—Supervision of 

Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 


Consulting Engineers 
Water — Sewers — Streets 
Structures — Surveys 
Reports—-Special Districts 


331 Spurgeen Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the . 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Control and Treatment 
Laboratory Services 


508 TENTH STREET DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 


Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
eports, Designs, Construction 
Supervision, Investigations, 
Laboratory 


123-125 W. Church Street Marion, Ohio 


F. G. Brewne 


BUCK, SEIFERT AND JOST 
Consulting Engineers 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL 
Engineers - Architects - Consultants 
4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismen St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


3600 E. Jefferson Blvd. 2112 W. Jefferson St. 
South Bend, Indiana Joliet, Illinois 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bidg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Engineers ana 
Swreeyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 


A Subsidiary of Wallace & Tiernan, incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 
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INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


Sanitary and 


ROY B. EVERSON Byarautic 


engineer 
Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 1900 
Valuations— Reports— Research— Development 
207 W. Huron St., Chicago 10, Hl. 
SUpertor 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 


ENGINEERS 


Sewage Treatment—Sewerage and Drainage Systems 


Water Supply and Distribution—Incinerators 


Airports—Bridges—Express Highways—Port and 


Terminal Works—Industrial Buildings 


BOSTON 8, MASSACHUSETTS 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FINKBEINER, PETTIS & STROUT 


8. Finxserner Cuarves E. Pettis 
K. Strout 


Consulting Engineers 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE, NICHOLS & ENDRESS 


Consulting Engineers 


Industrial and Municipal Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—Dams 

Drainage Works—Airports—lInvestiga- 
tions—Valuation—Design and Supervision 


407 Danciger Building Fort Worth, Texas 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Ilinois 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


Take advantage of the services 


of these outstanding consultants! 
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HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 
ENGINEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


Your firm should be 
listed here 


. .. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 
J H. H. Moseley 
F. S. Palocsay 
E. S. Ordway G. H. Abplanalp 
A. M. Mock S. H. Sutton 
Frank C. Tolles, Consultant 
Consulting Engineers 
WatTeR, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen Avrrep W. Sawyer 
H. E. Hupson, Jn. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd St. 3333 Book Bullding 
New York 17, N. ¥. Detroit 26, Mich. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


and Ar since 1917 
= more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Boss V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON-RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
m the... 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
Planning—Design-—Research— Water 
Sewage——-Refuse—-Industrial Wastes 
Air Pollution Control—-Industrial Health 


20 Point Crescent, Whitestone 57, N. Y. 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohie 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


is the cost of a professional listing 


in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, NEW YORK 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemica! and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 
Los Angeles Salt Lake City Tacoma 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 


3242 West Sth Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad St. 


Trenton, N. J. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


Rochester, 4, N. Y. 


10 Gibbs Street 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 
Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL @ MACDONALD 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural — Power — _ Transportation 
165 Broadway New York 6, N.Y. 


Your firm should be 
listed here 
. the most complete Directory 


available of consultants specializing in 
sewage and industrial wastes treat- 


ment. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, III 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Louis C. McCase, Pres. 
1246 Taylor St., N.W. Washington 11, D.C. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Hows 


AND COMPANY 
ASSOCIATES” 


AnD 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND 


INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations . Design - Supervision of 
Construction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage r veys ‘Site Planning -Urban 
Subdivisio dustrial Facilities -Electrical 
chanical 


2910 Topeka Blvd. Topeka, Kansas 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
tilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Ilinois 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
lel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


J. STEPHEN WATKINS 
J. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 
251 East High Street Lexington, Kentucky 
Branch Office 


4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 
Surveys—Research—Development— Process 
Engineering Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

astes Treatment 
Stream Pollution Studies 
Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements 
Investigations, Reports, Designs, Supervision 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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New Journal I ndex Ready! 
SEWAGE AND INDUSTRIAL WASTES 


INDEX 


Volumes 21-30, 1949-1958 


The Ten-Year Index to SEWAGE AND INDUSTRIAL 
WASTES covering the period of 1949-1958 is now avail- 
able. The 168-page volume is offered in a handsome 
maroon buckram binding at $4.00 and in an attractive 
heavy paper cover at $3.00. 


The new Ten-Year Index is a companion to the pre- 
vious Twenty-Year Index to the first 20 volumes of 
SEWAGE WORKS JOURNAL for 1928-1948, copies of 
which are still available from the Federation office. 


Separate listings by author, subject, and geographic 
categories, along with full cross-referencing make this a 
complete and easy-to-use reference volume. 


Send orders to the Federation office. When remittance accom- 


panies order, postage is prepaid. If an invoice is necessary, postage 
will be added. Checks may be made payable to FSIWA. 


FEDERATION OF SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 
4435 Wisconsin Avenue 


Washington 16, D.C. 
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LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 


This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to %” without endangering its tightness. This 
feature alone adds considerably to the ease and 
speed with which the line can be installed. 


The ‘Flexible Joint’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 
Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 


Valley Park, Missouri 
N. Kansas City, Missouri 
Tulsa, Oklahoma 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 


Beloit, Wisconsin Oklah 
Chicago, Illinois 


Rock Island, Illinois 


Wichita, Kansas 
Denver, Colorado 


City, Oklah Hato Rey, Puerto Rico 
Ponce, Puerto Rico 


Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 
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There’s 
rn oO Because a V-notch Chlorinator needs no auxiliary water supply 


waste You can plan on clean, dry chlorinator rooms with no 
messy drain—no chlorine gassing back. And best of all... 


WW ater gone forever is the high cost of wasted auxiliary water. 


fro Tri a And, of course, the right plastics make the whole 
chlorinator chlorine-proof. 
V-notch 


Yet these are just added benefits to the main job: 
Simple, dependable, wide range chlorine control. The kind 
of control you get only with a W&T V-notch Chlorinator. 


i, ii, 


A booklet, “The V-notch Story” 

will te ll you about all the W&T V-notch 
Chlorinator features. For your copy 
write Dept. S-129.84 


WALLACE & TIERNAN INCORPORATED 


MAIN STREET, BELLEVILLE 9,NEW JERSEY 
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